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(54) HERMETIC COMPRESSOR 

(57) The present invention provides a hermetic-type 
compressor delivering high refrigeration capability at 
low noise; the hermetic-type compressor of the present 
invention is provided with a position adjustment mecha- 
nism, a communication/shutoff mechanism, a passage 
changeover mechanism or the like so as to dispose the 
opening end of a suction passage, which is provided in 
an enclosed container and used to communicate the 
cylinder of its compressor with the enclosed container, 
on a predetermined plane so that the opening end is 
aligned with the position of a node of a resonance mode 
generated in the enclosed container. 
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Description 
TECHNICAL FIELD 

The present invention relates to a hermetic-type s 
compressor for use in refrigeration apparatuses and the 
like. 

BACKGROUND OF THE INVENTION 

10 

Hermetic-type compressors for use in refrigeration 
apparatuses and the like are strongly requested to have 
improved refrigeration capability and to reduce noise. 

As conventional technologies for improving refriger- 
ation capability, the hermetic-type compressors have is 
been disclosed in Japanese Laid-open Patent Applica- 
tion No. Sho 57-122192 and No. Hei 6-50252, for exam- 
ple. In these conventional technologies, pressure in a 
cylinder at the time when the suction of refrigerant gas 
is completed is raised higher than the pressure on the 20 
low-pressure side of a refrigeration cycle, whereby the 
density of refrigerant gas to be sucked into the cylinder 
is raised so as to further improve refrigeration capability. 

In addition, as a conventional technology for reduc- 
ing noise, a hermetic-type compressor has been dis- 25 
closed in Japanese Laid-open Patent Application No. 
Hei 6-74154, for example. In this hermetic-type com- 
pressor, its suction portion for sucking refrigerant gas 
into its cylinder has been improved in order to prevent 
the generation of resonance sound which generates in 30 
its enclosed container during suction in a compression 
stroke. 

An example of conventional hermetic-type com- 
pressors intended to reduce noise is described below 
referring to the drawings. 35 

FIG. 67 is a vertical sectional view showing a con- 
ventional hermetic-type compressor, and FIG. 68 is a 
plan sectional view showing the conventional hermetic- 
type compressor shown in FIG. 67. 

In FIGs. 67 and 68, a hermetic-type compressor 1 40 
has an enclosed container 2 comprising a lower shell 3 
and an upper shell 4. An electric compression element 
5 disposed vertically in the enclosed container 2 is efas- 
tically supported in the enclosed container 2 by coil 
springs 8 so that a mechanical portion 6 is disposed in 45 
the upper portion and so that a motor portion 7 is dis- 
posed in the lower portion. 

The mechanical portion 6 comprises a cylinder 10 
integrally provided with a block 9, a piston 11, a crank- 
shaft 12, a connecting rod 13, a bearing 14, a cylinder so 
head 80 and the like. The motor portion 7 comprises a 
rotor 15 secured by shrinkage fit to the crankshaft 12 
and a stator 16. The stator 16 is secured to the block 9 
using screws. Lubricant 1 7 is stored at the bottom of the 
enclosed container 2. 55 

Mark a in FIG. 68 represents the minimum distance 
between the inner walls of the enclosed container 2 
along the center of gravity of a plane having nearly the 



2 

maximum cross-sectional area on a horizontal section 
of the enclosed container 2. In other words, the distance 
a is the maximum distance in a direction perpendicular 
to the reciprocating direction of the piston 1 1 and the 
axial direction of the crankshaft 12. Mark b represents 
the distance between the inner walls of the enclosed 
container 2 in a direction nearly perpendicular to the line 
segment of the above-mentioned distance a on the 
same horizontal plane. That is, the distance b is the 
maximum distance between the inner walls of the 
enclosed container 2 in the reciprocating direction of the 
piston 11. Mark c represents the maximum distance 
from the upper inner wall surface of the enclosed con- 
tainer 2 to the surface of the lubricant 17 in the axial 
direction of the crankshaft 12. 

In a suction pipe 18 for sucking refrigerant gas in 
the enclosed container 2, its one end is secured to the 
block 9, and the other end passes through the center of 
the line indicated by the distance a and is disposed on a 
plane orthogonal to the line. This other end is disposed 
in the space inside the enclosed container 2 as an 
opening end 18a, and communicates with the space 
inside the cylinder 10. 

The operation of the conventional hermetic-type 
compressor having the above-mentioned configuration 
is described below. 

Refrigerant gas circulated from a system such as a 
refrigeration apparatus is relieved once in the space 
inside the enclosed container 2, sucked into the cylinder 
10 via the suction pipe 18 secured to the block 9, and 
compressed by the piston 11. At this time, the refriger- 
ant gas is sucked into the cylinder 1 0 by one half rota- 
tion of the crankshaft 12, and then compressed by the 
other half rotation. 

Since the refrigerant gas is not sucked continuously 
into the cylinder 10 as described above, the pressure 
pulsation of the refrigerant gas occurs in the suction 
pipe 18. Therefore, the pressure pulsation vibrates the 
space inside the enclosed container 2, and resonance 
modes are generated in the reciprocating direction of 
the piston 11 , in a direction perpendicular to the recipro- 
cating direction on a horizontal plane including the 
reciprocating direction of the piston 11, and in the axial 
direction of the crankshaft 12. 

However, the opening end 18a of the suction pipe 
18 in the space inside the enclosed container 2 is dis- 
posed on a plane passing through the center of the line 
indicated by the distance a and being orthogonal to the 
line, that is, on a plane including the position of a node 
of the resonance mode generated in the direction per- 
pendicular to the reciprocating direction on the horizon- 
tal plane including the reciprocating direction of the 
piston 1 1 . 

Therefore, in the conventional hermetic-type com- 
pressor shown in FIGs. 67 and 68, the pressure pulsa- 
tion vibrates the node of the resonance mode. As a 
result, in the conventional hermetic-type compressor, 
no resonance mode is caused, the generation of reso- 
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nance sound is prevented, and noise due to resonance 
sound is prevented. 

In addition, when the resonance mode at a reso- 
nance frequency causing a problem occurs in the recip- 
rocating direction of the piston 11 of the enclosed 
container 2, the opening end 1 8a of the suction pipe 1 8 
in the space inside the enclosed container 2 is disposed 
at the following position. Referring to FIG. 68, on the 
same horizontal plane of a line segment A indicated by 
the distance a along the center of gravity on a horizontal 
section, in a line segment B indicated by the distance b 
between the inner walls of the enclosed container 2 and 
being nearly orthogonal to the line segment A, the 
opening end 18a is disposed on a plane passing 
through the center of the line segment B and being 
orthogonal to the line segment B. Therefore, the pres- 
sure pulsation vibrates on the node of the resonance 
mode. Consequently, no resonance mode is caused, 
whereby the generation of resonance sound can be pre- 
vented, and noise due to resonance sound can be pre- 
vented in the hermetic-type compressor. 

Furthermore, when the resonance mode at the res- 
onance frequency causing a problem is present in the 
axial direction of the crankshaft 12 of the enclosed con- 
tainer 2, the opening end 18a of the suction pipe 18 in 
the space inside the enclosed container 2 is disposed at 
the following position. In other words, with respect to a 
line segment C indicated by a distance c (FIG. 67) 
which is the maximum distance between the upper 
inner wall surface of the enclosed container 2 in the ver- 
tical direction and the surface of the lubricant 1 7, the 
opening end is disposed on a plane passing through the 
center of the line segment C and being orthogonal to 
the line segment C. Therefore, the pressure pulsation 
vibrates on the node of the resonance mode, the gener- 
ation of resonance sound can be prevented, and noise 
due to resonance sound can be prevented in the her- 
metic-type compressor. 

Next, an example of the conventional hermetic-type 
compressor intended for improved refrigeration capabil- 
ity is described below referring to the drawings. 

FIG. 69 is a vertical sectional view showing a con- 
ventional hermetic-type compressor intended for 
improved refrigerant capability. FIG. 70 is a plan sec- 
tional view showing the conventional hermetic-type 
compressor of FIG. 69. FIG. 71 is a sectional view 
showing the main portion of the compressor taken on 
line A-A of FIG. 69. FIG. 72 is an explanatory view 
showing the behavior of refrigerant gas. 

In FIGs. 69, 70, 71 and 72, a valve plate 19 has a 
suction hole 19a and is disposed at the end surface of 
the cylinder 10. The suction hole 19a (FIGs. 70 and 71) 
communicates with a suction pipe 21 and the interior of 
the cylinder 10. A suction lead 20 shown in FIG. 71 
opens and closes the suction hole 19a of the valve plate 
19. One end 21a of the suction pipe 21 is open into the 
space inside the enclosed container 2, and its other end 
21 b is directly connected to the valve plate 1 9. 



On the other hand, in the conventional rotary com- 
pressor intended for improved refrigeration capability 
and disclosed in Japanese Laid-open Patent Applica- 
tion No. Sho 57-1 221 92, when a suction stroke period is 
5 T (sec), and the velocity of sound in the suction condi- 
tion of refrigerant gas to be sucked is a (m/sec), the 
length L (m) of the suction pipe 21 is represented by: 

(Tx a/4 -0.2) ±0.1 =L 

10 

Next, the operation of the conventional hermetic- 
type compressor having the above-mentioned configu- 
ration is described below. 

In FIG. 72, in the case of refrigerant gas, at the start 
75 of a suction stroke (at time of (a) in FIG. 72), the suction 
hole 19a of the valve plate 19 is clogged. Therefore, the 
flow of the refrigerant gas stops. 

Next, the piston 1 1 moves to the right, and the vol- 
ume inside the cylinder 10 increases abruptly. There- 
to fore, a pressure difference generates between the 
space inside the cylinder 10 and the space inside the 
enclosed container 2, and the refrigerant gas begins to 
flow rightward (toward the cylinder 10) inside the suction 
pipe 21 . At the same time, a pressure wave Wa is gen- 
25 erated in the cylinder 10 because the volume inside the 
cylinder 10 increases abruptly. The pressure wave Wa 
inside the cylinder 10 passes through the suction hole 
19a used as an opening, and propagates though the 
interior of the suction pipe 21 in the direction opposite to 
30 the flow of the refrigerant gas toward the space inside 
the enclosed container 2 (at time of (b) in FIG. 72). 

The pressure wave Wa reached the space inside 
the enclosed container 2 becomes a reflected wave Wb 
having been inverted in the space inside the enclosed 
35 container 2 in which the refrigerant gas is in a stagnate 
condition. This reflected wave Wb propagates through 
the interior of the suction pipe 21 in the same direction 
as the flow of the refrigerant gas (at time of (c) in FIG. 
72). 

40 in other words, the pressure wave Wa generated in 
the cylinder 10 passes through the suction hole 19a of 
the valve plate 1 9, and propagates in the direction oppo- 
site to the flow of refrigerant gas. Then, the pressure 
wave Wa becomes the reflected wave Wb having an 

45 inverse phase in the space inside the enclosed con- 
tainer 2, and propagates in the same direction as the 
flow of the refrigerant gas, and returns to the suction 
hole 1 9a of the valve plate 1 9. 

By aligning the time when the reflected wave Wb 

so reaches the suction hole 19a with the time when the vol- 
ume inside the cylinder 1 0 becomes maximum (suction 
completion time), the pressure energy of the reflected 
wave Wb can be added to the refrigerant gas at the suc- 
tion completion time, and the suction pressure of the 

55 refrigerant gas is raised. 

As a result, refrigerant gas having a higher density 
is charged into the cylinder 10, the discharge amount of 
refrigerant per a compression stroke increases, the cir- 
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culation amount of refrigerant increases, and the refrig- 
eration capability of the hermetic-type compressor is 
improved. 

However, in the above-mentioned conventional her- 
metic-type compressor, when the velocity of sound 
propagating through refrigerant gas (hereinafter 
referred to as the velocity of sound in refrigerant gas) is 
changed by a change in the temperature of the refriger- 
ant gas due to a change in outside-air temperature, the 
position of the node of the resonance mode at the reso- 
nance frequency is changed, and the generation of res- 
onance sound may not be prevented. 

In addition, shock sound is generated by a pressure 
wave generated by the suction pipe, and noise may be 
generated. 

Furthermore, when the velocity of sound is 
changed by a change in the temperature of the refriger- 
ant gas due to a change in outside-air temperature, the 
wavelengths of the pressure wave and the reflected 
wave are changed depending on the velocity of sound. 
Therefore, the timing of adding the pressure energy of 
the reflected wave at the suction completion time gener- 
ates an error, and the rising ratio of the suction pressure 
lowers. 

Therefore, it becomes difficult to charge refrigerant 
gas having a higher density into the cylinder, the dis- 
charge amount of refrigerant gas per a compression 
stroke decreases, and refrigeration capability may 
lower. 

Moreover, a method of improving refrigeration 
capability by always increasing the circulation amount of 
refrigerant gas regardtess of a change in outside-air 
temperature can be devised. In this case, however, a 
room is often closed in winter or during cold days when 
outside-air temperature is low, and noise due to shock 
sound may become more annoying than that in sum- 
mer. 

The present invention is intended to solve the 
above-mentioned problems, and aims to provide a her- 
metic-type compressor having high refrigeration capa- 
bility, low suction loss of refrigerant gas and high 
refrigeration efficiency. 

Accordingly, the hermetic-type compressor of the 
present invention is intended to attain the above-men- 
tioned objects and also attain the following technologi- 
cal advantages by using various embodiments 
described later. 

In embodiment 1 of the present invention described 
later, even when a node of a resonance mode at a res- 
onance frequency is changed because the velocity of 
sound in refrigerant gas is changed by a change in the 
temperature of the refrigerant gas. the opening end of 
the suction pipe is adjusted so as to be always posi- 
tioned at the node of the resonance mode. Therefore, a 
hermetic-type compressor, wherein the generation of 
resonance sound is prevented, and low noise is 
attained, is provided. 

In embodiment 2 of the present invention described 



later, the opening end of the suction pipe is adapted to 
become a node of a resonance mode, whereby the gen- 
eration of shock sound generated by a pressure wave at 
the suction pipe can be prevented significantly. There- 
5 fore, a hermetic-type compressor, wherein noise is 
reduced, refrigeration capability is high, the suction loss 
ol refrigerant gas is low and efficiency is high, can be 
provided. 

In embodiment 3 of the present invention described 
10 later, the length of a suction passage in the suction pipe 
is changed. Therefore, even when the velocity of sound 
in refrigerant gas is changed by a change in the temper- 
ature of the refrigerant gas due to a change in outside- 
air temperature, the time when a reflected wave 
75 reaches the suction hole can be aligned with the time 
when the volume inside the cylinder becomes maximum 
(suction completion time). Therefore, the pressure 
energy of the reflected wave is added to the refrigerant 
gas at the suction completion time, and the suction 
20 pressure of the refrigerant gas is raised. 

Therefore, the suction pressure rises at all times, 
the discharge amount of refrigerant gas per a compres- 
sion stroke increases, the circulation amount of refriger- 
ant gas increases, refrigeration capability is improved, 
25 and the suction loss of refrigerant gas is reduced. Con- 
sequently, a hermetic-type compressor having high effi- 
ciency can be obtained. 

In embodiment 4 of the present invention described 
later, the inner cross-sectional area of the suction pipe 
30 is changed. Therefore, even when the velocity of sound 
in refrigerant gas is changed by a change in the temper- 
ature of the refrigerant gas due to a change in outside- 
air temperature, the time when a reflected wave 
reaches the suction hole can be aligned with the time 
35 when the volume inside the cylinder becomes maximum 
(suction completion time). Therefore, the pressure 
energy of the reflected wave can be added at the suc- 
tion completion time, and the suction pressure of the 
refrigerant gas is raised. 
40 Therefore, the suction pressure rises at all times, 
the discharge amount of refrigerant per a compression 
stroke increases, the circulation amount of refrigerant 
increases, refrigeration capability is improved, and the 
suction loss of refrigerant gas is reduced. As a result, a 
45 hermetic-type compressor having high efficiency can be 
obtained. 

In comparison with the time when outside-air tem- 
perature is high, at the time when outside-air tempera 
ture is low, and refrigeration capability is not required to 
so be improved greatly, the inner cross-sectional area of 
the suction pipe is decreased; the inner cross-sectional 
area of the suction pips is reduced as outside-air tem- 
perature lowers. Consequently, a hermetic-type com- 
pressor capable of significantly reducing noise can be 
55 obtained. 

In the conventional configuration, the rotation posi- 
tion of the crankshaft when a reflected wave returns to 
the suction hole was not always proper depending on 
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the length of the suction pipe 21 , operation frequency or 
the velocity of sound in refrigerant gas. Therefore, the 
improvement ratio of refrigeration capability may be low. 

Thus, in embodiment 5 of the present invention 
described later, the length and the like of the suction 
pipe are adjusted so that the rotation position (crank 
angle) of the crank shaft, wherein a reflected wave 
returns to the suction hole, is optimal, whereby a her- 
metic-type compressor capable of obtaining the 
improvement effect of maximum refrigeration capability 
can be obtained. 

The conventional configuration was intended to 
always improve refrigeration capability even when out- 
side-air temperature was high and even when it was 
low. Therefore, at low outside-air temperature at which 
no high refrigeration capability is required, more than 
necessary refrigeration capability is supplied, and the 
overall efficiency of a refrigeration system including the 
hermetic-type compressor is lowered; as a result, a dis- 
advantage arises, that is, overall electric power con- 
sumption is apt to increase. 

In embodiment 6 of the present invention described 
later, electric power consumption is decreased by not 
allowing the improvement effect of refrigeration capabil- 
ity to be obtained at low outside-air temperature at 
which no high refrigeration capability is required; on the 
other hand, at high outside-air temperature at which 
high refrigeration capability is required, the embodiment 
is configured so that the improvement effect of refriger- 
ation capability can be obtained in a conventional way. 
Consequently, a hermetic-type compressor having low 
overall electric power consumption can be obtained by 
controlling refrigeration capability as described above. 

In the conventional configuration, resonance sound 
is generated when the resonance frequency of refriger- 
ant gas in the enclosed container is close to an integral 
multiple of the rotation number of the crankshaft, and 
the refrigerant gas in the enclosed container resonates. 
Therefore, when the pressure wave is reflected at the 
opening end of the suction pipe, the refrigerant gas in 
the enclosed container resonates. Due to its influence, 
the pressure amplitude of the reflected wave decreases, 
the rising ratio of suction pressure lowers, and a disad- 
vantage arises, that is, the improvement effect of refrig- 
eration capability is apt to become low. 

In embodiment 7 of the present invention described 
later, the resonance frequency of refrigerant gas in the 
enclosed container is not close to an integral multiple of 
the rotation number of the crankshaft. Therefore, reso- 
nance sound is prevented from generating, and pres- 
sure amplitude is also prevented from decreasing when 
a pressure wave is reflected at the opening of the suc- 
tion pipe. Consequently, a hermetic-type compressor, 
wherein suction pressure can be raised at all times, and 
the improvement effect of refrigeration capability can be 
obtained, can be obtained. 

In embodiment 8 of the present invention described 
later, the force for vibrating refrigerant gas in the 



enclosed container is reduced by decreasing the pulsa- 
tion of refrigerant gas to be sucked, and resonance 
sound is always diminished regardless of the resonance 
frequency of the refrigerant gas in the enclosed con- 
5 tainer. In addition, the pressure amplitude obtained 
when a pressure wave is reflected at the opening por- 
tion of the suction pipe is prevented at all times regard- 
less of the resonance frequency of the refrigerant gas in 
the enclosed container. Consequently, a hermetic-type 
10 compressor, wherein suction pressure is raised at all 
times regardless of any change in the shape of the 
enclosed container, operation conditions and the like, 
and the improvement effect of refrigeration capability is 
obtained, can be obtained. 
15 In the above-mentioned conventional configuration 
shown in FIG. 69, the suction pipe 21 makes contact 
with the cylinder head 80 and the valve plate 1 9. There- 
fore, the temperatures of the cylinder head 80 and the 
like rise significantly with the passage of time after start, 
20 and by following the temperature rise, the temperature 
of the suction pipe 21 also rises. As a result, the temper- 
ature of the refrigerant gas in the suction pipe 21 rises, 
the velocity of sound in the refrigerant gas changes, and 
the timing when the reflected wave reaches the suction 
25 hole 19a deviates. Consequently, in the conventional 
hermetic-type compressor, a stable suction pressure 
rising effect may not be obtained. 

Thus, in embodiment 9 of the present invention 
described later, even when the temperature of the cylin- 
30 der head or the like changes significantly, the change in 
the temperature of the suction pipe is decreased. 
Therefore, the change in the velocity of sound in refrig- 
erant gas can be decreased, and a stable suction pres- 
sure rising effect is produced. Therefore, a hermetic- 
35 type compressor having stable and high refrigeration 
capability without being affected by the passage of time 
after start can be obtained. 

In the conventional configuration shown in FIG. 69, 
since the opening end 21a of the suction pipe 21 is dis- 
40 posed in the enclosed container 2, high-temperature 
refrigerant gas having a low density is sucked into the 
suction pipe 21. Therefore, the velocity of sound in 
refrigerant gas increases, an influence of compressibil- 
ity reduces, and the generation of the pressure wave 
45 becomes weak. As a result, in the conventional her- 
metic-type compressor, suction pressure may 
decrease. 

If the opening end 21a of the suction pipe 21 is 
communicated with the opening end of the second sue- 
so tion pipe in the enclosed container 2 so that low-temper- 
ature refrigerant gas can be sucked into the cylinder 10, 
no reflected wave is generated, and the suction pres- 
sure may not be raised. 

In embodiment 10 of the present invention 
55 described later, a large pressure wave is generated, and 
the effect of raising suction pressure increases, and 
low-temperature refrigerant gas is sucked into the cylin- 
der. Therefore, the improvement effect of the circulation 
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amount of refrigerant due to the low-temperature refrig- 
erant gas is added, the improvement effect of refrigera- 
tion capability is increased significantly, whereby a 
hermetic-type compressor having high refrigeration 
capability and attaining low noise can be obtained. 5 

In the conventional configuration shown in FIG. 69, 
when the sound of velocity in refrigerant gas is changed 
depending on operation conditions and the like, if the 
length of the suction pipe 21 is constant, the time 
required when the reflected wave reaches the suction 10 
hole 1 9a of the valve plate 1 9 changes. Therefore, suc- 
tion timing to the cylinder 10 deviates, whereby the suc- 
tion pressure rising effect significantly decreases 
depending on operation conditions, and refrigeration 
capability may become insufficient. 15 

Thus, in embodiment 11 of the present invention 
described later, suction pressure is raised at all times 
regardless of a change in operation conditions, and sta- 
ble and high refrigeration capability is provided. 

In the conventional configuration shown in FIG. 69, 20 
since the suction pipe 21 always communicates with the 
suction hole 19a, the suction pressure rising effect 
occurs at start. Therefore, start torque becomes high; in 
a high pressure condition such as in a condition wherein 
outside-air temperature is high, improper start may 25 
occur due to insufficient torque. 

Thus, in embodiment 12 of the present invention 
described later, the suction pressure rising effect is less- 
ened, and start torque is lowered so as to prevent 
improper start. Therefore, a hermetic-type compressor 30 
having improved reliability and high refrigeration capa- 
bility due to the suction pressure rising effect during sta- 
ble operation can be obtained. 

In the conventional configuration shown in FIG. 69, 
when refrigerant gas is heated in the space inside the 35 
enclosed container 2, and the density of refrigerant gas 
to be charged into the cylinder 10 is lowered, the circu- 
lation amount of refrigerant gas decreases, and refriger- 
ation capability may be lowered. 

Thus, in embodiment 13 of the present invention 40 
described later, the opening end of the first suction pipe, 
which is used as a suction passage, in the enclosed 
container is disposed so that it becomes a node of a 
resonance mode. In addition, the opening end of the 
second suction pipe in the enclosed container is pro- 45 
vided near the opening end of the suction passage. As 
a result, resonance is prevented from generating in the 
enclosed container. Therefore, a hermetic-type com- 
pressor attaining low noise and improving refrigeration 
capability is provided. so 

In the conventional configuration shown in FIG. 69, 
shock sound is generated by a pressure wave gener- 
ated from the suction pipe 21 , and noise is generated; in 
addition, refrigerant gas is heated in the space inside 
the enclosed container 2, and the density of refrigerant 55 
gas to be charged into the cylinder 1 0 is lowered. There- 
fore, in the conventional hermetic-type compressor, the 
circulation amount of refrigerant gas decreases, and 



refrigeration capability may be lowered. 

Thus, in embodiment 14 of the present invention 
described later, the opening end of the first suction pipe, 
which is used as a suction passage, in the enclosed 
container is disposed so that it becomes a node of a 
resonance mode. In addition, the opening end of the 
second suction pipe in the enclosed container is pro- 
vided near the opening end of the suction passage. 
Therefore, the generation of shock sound due to the 
pressure wave in the suction passage is reduced signif- 
icantly, whereby a hermetic-type compressor featuring 
low noise, refrigerant gas having a high density and sig- 
nificantly improved refrigeration capability can be 
obtained. 

In the conventional configuration, since a long suc- 
tion passage is provided in the enclosed container hav- 
ing a limited space, the structure of the suction passage 
is complicated, and has a plurality of bent portions hav- 
ing different curvatures. Therefore, the amplitude of 
pressure decreases at the bent portions having different 
curvatures, when the pressure wave Wa and the 
reflected wave Wb propagate through the suction pas- 
sage. In addition, when the reflected wave Wb returns to 
the suction hole of the valve plate, the pressure ampli- 
tude of the reflected wave Wb diminishes, whereby in 
the conventional hermetic-type compressor, the 
improvement effect of high refrigeration capability may 
not be obtained. 

Thus, in embodiment 15 of the present invention 
described later, the attenuation of the pressure ampli- 
tudes of the pressure wave Wa and the reflected wave 
Wb are decreased, and suction pressure is raised. 
Therefore, a hermetic-type compressor having highly 
improved refrigeration capability can be obtained. 

In the conventional configuration, the suction pas- 
sage receives heat from high-temperature refrigerant 
gas in the enclosed container, the temperature of the 
suction passage rises, and the temperature of the suc- 
tion gas in the suction passage rises. Therefore, the 
density of refrigerant gas to be sucked is lowered, and 
the circulation amount of refrigerant is apt to decrease. 

Thus, in embodiment 16 of the present invention 
described later, the amount of heat received from high- 
temperature refrigerant gas in the enclosed container 
by the suction passage is lessened. Therefore, the tem- 
perature rise of the suction passage is reduced, 
whereby the temperature rise of the refrigerant gas in 
the suction passage is reduced. Consequently, a her- 
metic-type compressor capable of obtaining a large cir- 
culation amount of refrigerant can be obtained. 

In addition, in embodiment 16, the temperature of 
refrigerant gas to be sucked is low, and refrigerant gas 
having a high density is sucked into the suction pas- 
sage. Therefore, the velocity of sound in the refrigerant 
gas is lowered, whereby the compressibility of refriger- 
ant gas increases. Consequently, a large pressure wave 
generates, and a hermetic-type compressor having 
improved high refrigeration capability can be obtained. 
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In the conventional configuration, since the opening 
end of the suction passage is open into the enclosed 
container, when the pressure wave is reflected at the 
opening end of the suction passage, the refrigerant gas 
in the enclosed container is vibrated, and resonance 5 
sound may generate. 

Thus, in embodiment 17 of the present invention 
described later, the pulsation of suction gas is dimin- 
ished, and the force for vibrating the refrigerant gas in 
the enclosed container is weakened. By this reason, the 10 
hermetic-type compressor can reduce resonance 
sound can be diminished regardless of the resonance 
frequency of the refrigerant gas in the enclosed con- 
tainer. 

In embodiment 1 7, regardless of the resonance f re- 15 
quency of the refrigerant gas in the enclosed container, 
the attenuation of the pressure amplitude at the time 
when a pressure wave is reflected at the opening end of 
the suction passage can be prevented at all times. 
Therefore, regardless of any change in the shape of the 20 
enclosed container, operation conditions and the like, 
the suction pressure of the refrigerant gas rises at all 
times, whereby the hermetic-type compressor can 
obtain an improvement in stable and high refrigeration 
capability. 25 

Furthermore, in embodiment 17, the temperature 
distribution of the suction passage is made uniform, and 
the change in the velocity of sound in the refrigerant gas 
is decreased. Therefore, in the hermetic-type compres- 
sor, the attenuation of the pressure wave can be 30 
decreased, and stable suction pressure rising can be 
obtained. Therefore, a hermetic-type compressor capa- 
ble of obtaining an improvement in stable refrigeration 
capability can be obtained. 

In the conventional configuration, even when high 35 
refrigeration capability is not required, for example dur- 
ing ordinary operation of the hermetic-type compressor, 
refrigeration capability increases, and motor input also 
increases accordingly, and then overall electric power 
consumption may increase. *o 

Thus, embodiment 18 of the present invention 
described later is configured so that a supercharging 
effect can be obtained only at high outside-air tempera- 
ture or at a high load wherein a high load is applied to 
the electric compression element. Therefore, a her- 45 
metic-type compressor requiring less electric power 
consumption can be obtained. 

In the conventional configuration, the refrigerant 
gas in the suction passage is heated in the space inside 
the enclosed container, and the density of refrigerant 50 
gas to be charged into the cylinder is lowered. There- 
fore, in the conventional hermetic-type compressor, the 
circulation amount of refrigerant decreases, and refrig- 
eration capability may lower. 

Thus, embodiment 19 of the present invention 55 
described later is configured so that a supercharging 
effect can be obtained only at high outside-air tempera- 
ture or at a high load wherein a high load is applied to 



the electric compression element. Therefore, electric 
power consumption is reduced on the whole. Further, 
the opening end of the first suction pipe in the enclosed 
container is provided near the opening end of the sec- 
ond suction pipe in the enclosed container, whereby the 
density of refrigerant gas to be sucked into the cylinder 
is raised, and a hermetic-type compressor having high 
efficiency can be obtained. 

In the conventional configuration, the follow-up per- 
formance of the valve mechanism causes a problem, 
and refrigeration capability in proportion to an increase 
in rotation number may not be obtained particularly at a 
high rotation region. 

Thus, in embodiment 20 of the present invention 
described later, in addition to rotation number control, 
supercharging is performed particularly in a high rota- 
tion range so as to obtain refrigeration capability higher 
than that proportional to rotation number. Therefore, the 
hermetic-type compressor of embodiment 20 can 
obtain refrigeration capability required depending on 
outside-air temperature or a load, and electric power 
consumption can be decreased. 

In the conventional configuration shown in FIG. 69, 
the suction pipe 21 used as the suction passage is 
nearly directly connected to the valve plate 19. There- 
fore, in the conventional hermetic-type compressor, 
noise generated depending on the pulsation or the like 
of suction gas near the suction hole 19a propagates 
through the suction passage without being attenuated 
significantly, and noise propagating outside the 
enclosed container 2 may increase eventually. 

Thus, in embodiment 21 of the present invention 
described later, without reducing refrigeration capability, 
noise generated due to the pulsation or the like of refrig- 
erant gas to be sucked is diminished. Therefore, the 
hermetic-type compressor of embodiment 21 becomes 
a low noise compressor. 

In the conventional configuration, as shown by Wb 
in FIG. 72, when the reflected wave returns into the cyl- 
inder 10, the suction lead 20 is disposed at an angle 
nearly perpendicular to the advance direction of the 
reflected wave. Therefore, the reflected wave is mostly 
reflected at the angle nearly perpendicular to the suc- 
tion lead. Consequently, the pressure energy of the 
reflected wave does not effectively propagate into the 
cylinder 10, a supercharging effect to refrigerant gas by 
the reflected wave cannot be obtained sufficiently, and 
the improvement of refrigerant capability may not be 
obtained sufficiently. 

Thus, embodiment 22 of the present invention 
described later is configured so that when the reflected 
wave returns into a cylinder, the reflected wave is hardly 
reflected by the suction lead, and so that the pressure 
energy of the reflected wave effectively enters the cylin- 
der. Therefore, the hermetic-type compressor of 
embodiment 22 has high refrigeration capability. 

In the above-mentioned conventional configuration, 
high refrigeration capability can be obtained at all times 
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even when outside-air temperature is high and even 
when it is low. Therefore, in the conventional hermetic- 
type compressor, at low outside-air temperature at 
which no high refrigeration capability is required, more 
than necessary refrigeration capability is supplied, and 5 
the overall efficiency of the refrigeration system includ- 
ing the hermetic-type compressor is lowered. Thus, as a 
result, the overall electric power consumption may 
increase. 

Thus, embodiments 23 and 24 of the present inven- 10 
tion described later are configured so that high refriger- 
ation capability cannot be obtained at low outside-air 
temperature at which high refrigeration capability is not 
required, whereby electric power consumption is 
reduced; on the other hand, they are configured so that 15 
refrigeration capability as high as a conventional value 
can be obtained at high outside-air temperature at 
which high refrigeration capability is required. There- 
fore, by controlling refrigeration capability, a hermetic- 
type compressor having low overall electric power con- 20 
sumption can be obtained. 

DISCLOSURE OF THE INVENTION 

In order to attain the above-mentioned objects, a 25 
hermetic-type compressor in accordance with claim 1 of 
the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 30 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 35 
a suction passage installed on the above-men- 
tioned mechanical portion so as to communicate 
the above-mentioned cylinder with the above-men- 
tioned enclosed container; and 

a position adjustment mechanism for adjusting the 40 
opening end of the above-mentioned suction pas- 
sage into the above-mentioned enclosed container; 

wherein the above-mentioned position 
adjustment mechanism disposes the above-men- 
tioned opening end on at least one of planes: 45 

(1) a first plane which is substantially orthogo- 
nal to a first line segment at the center point of 
the above-mentioned first line segment pass- 
ing through the center of gravity of a plane hav- 50 
ing a substantially maximum cross-sectional 
area on the horizontal cross-section of the 
above-mentioned enclosed container, the 
above-mentioned first line segment being at a 
position wherein the distance between the 55 
inner walls of the above-mentioned enclosed 
container is minimum, 

(2) a second plane which, on the horizontal 



plane including the above-mentioned first line 
segment, passes through the center point of a 
second line segment between the inner wall 
surfaces of the above-mentioned enclosed 
container, the second line segment being sub- 
stantially orthogonal to the above-mentioned 
first line segment, and which is substantially 
orthogonal to the above-mentioned second line 
segment, or 

(3) a third plane which passes through the 
center point of a third line segment having tr;e 
maximum distance between the upper inner 
wall surface of the above-mentioned enclosed 
container and the above-mentioned lubricant 
surface in the vertical direction, and which is 
substantially orthogonal to the above-men- 
tioned third line segment. 

Therefore, in the hermetic-type compressor of the 
present invention, even when a node of a resonance 
mode at a resonance frequency is changed because 
the velocity of sound in refrigerant gas is changed by a 
change in the temperature of the refrigerant gas, the 
opening end of the suction passage is adjusted to be 
always positioned at the node of the resonance mode, 
whereby the generation of resonance sound can be pre- 
vented, and the generation of noise can thus be pre- 
vented. 

A hermetic-type compressor in accordance with 
claim 2 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; and 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
opening end; 

wherein the above-mentioned opening end 
is disposed on at least one of three planes: 

(1) a first plane which is substantially orthogo- 
nal to a first line segment at the center point of 
the above-mentioned first line segment pass- 
ing through the center of gravity of a plane hav- 
ing a substantially maximum cross-sectional 
area on the horizontal cross-section of the 
above-mentioned enclosed container, the 
above-mentioned first line segment being at a 
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position wherein the distance between the 
inner walls of the above-mentioned enclosed 
container is minimum, 

(2) a second plane which, on the horizontal 
plane including the above-mentioned first line 5 
segment, passes through the center point of a 
second line segment between the inner wall 
surfaces of the above-mentioned enclosed 
container, the second line segment being sub- 
stantially orthogonal to the above-mentioned 10 
first line segment, and which is substantially 
orthogonal to the above-mentioned second line 
segment, or 

(3) a third plane which passes through the 
center point of a third line segment having the is 
maximum distance between the upper inner 
wall surface of the above-mentioned enclosed 
container and the above-mentioned lubricant 
surface in the vertical direction, and which is 
substantially orthogonal to the above-men- 20 
tioned third line segment. 

Therefore, in the hermetic-type compressor of the 
present invention, the opening end of the suction pas- 
sage becomes a node of a resonance mode, whereby 25 
the generation of shock sound generated by a pressure 
wave at the suction passage can be prevented signifi- 
cantly to reduce noise, refrigeration capability can be 
improved, and refrigerant gas suction loss can be 
reduced, whereby a hermetic-type compressor having 30 
high efficiency can be obtained. 

A hermetic-type compressor in accordance with 
claim 3 of the present invention comprises: 

a motor portion used as a power source; 35 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 40 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; and 

a suction passage having a length adjustment 45 
mechanism, one end of which is substantially 
directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an so 
opening end. 

Therefore, by changing the length of the passage in 
the suction passage, even when the velocity of sound in 
refrigerant gas is changed by a change in the tempera- ss 
ture of the refrigerant gas due to a change in outside-air 
temperature, the time when a reflected wave reaches 
the suction hole can be aligned with the time when the 



volume inside the cylinder becomes maximum (suction 
completion time). Therefore, in the hermetic-type com- 
pressor of the present invention, the pressure energy of 
the reflected wave can be added to the refrigerant gas 
at the suction completion time, and the suction pressure 
of the refrigerant gas can be raised. 

Therefore, in the hermetic-type compressor of the 
present invention, the suction pressure rises at all times, 
the discharge amount of refrigerant per a compression 
stroke increases, and the circulation amount of refriger- 
ant increases. Further, the hermetic-type compressor of 
the present invention becomes a hermetic-type com- 
pressor having high efficiency by improving refrigeration 
capability, and by reducing the suction loss of the refrig- 
erant gas. 

A hermetic-type compressor in accordance with 
claim 4 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; and 

a suction passage having an inner cross-sectional 
area adjustment mechanism, one end of which is 
substantially directly connected to the above-men- 
tioned suction hole of the above-mentioned valve 
plate, and the other end of which is disposed in the 
space inside the above-mentioned enclosed con- 
tainer as an opening end. 

Therefore, in the hermetic-type compressor of the 
present invention, by changing the inner cross-sectional 
area in the suction passage, even when the velocity of 
sound in refrigerant gas is changed by a change in the 
temperature of the refrigerant gas due to a change in 
outside-air temperature, the time when a reflected wave 
reaches the suction hole can be aligned with the time 
when the volume inside the cylinder becomes maximum 
(suction completion time). Therefore, in the hermetic- 
type compressor of the present invention, the pressure 
energy of the reflected wave can be added to the refrig- 
erant gas at the suction completion time, and the suc- 
tion pressure of the refrigerant gas can be raised. 

Therefore, in the hermetic-type compressor of the 
present invention, in comparison with the time when 
outside-air temperature is high, during the time when 
the outside-air temperature is low, and refrigeration 
capability is not required to be improved greatly, the 
inner cross-sectional area of the suction passage 
decreases; the inner cross-sectional area of the suction 
passage decreases as the outside-air temperature low- 
ers, whereby in the hermetic-type compressor of the 
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present invention, noise can be reduced significantly. 

A hermetic-type compressor in accordance with 
claim 5 of the present invention comprises: 

a motor portion used as a power source; 5 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container filled with refrigerant gas and 
used for housing the above-mentioned motor por- 10 
tion and the above-mentioned mechanical portion 
and for storing lubricant; 

a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; is 
a suction lead for opening/closing the above-men- 
tioned suction hole; and 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, and the 20 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
opening end; 

wherein, on the assumptions that the crank 
angle at the opening start of the above-mentioned 25 
suction lead is Os (rad), that the length of the above- 
mentioned suction passage is L (m), that the rota- 
tion number of the above-mentioned crankshaft is f 
(Hz), and that the velocity of sound in refrigerant 
gas in the above-mentioned suction passage is As 30 
(m/sec), the return crank angle Or (rad) of the pres- 
sure wave generated at the above-mentioned suc- 
tion hole at the start of suction, represented by 
(equation 1 ) described below, is configured to be 
within the range of (equation 2) described below. 35 

9r s 8s + 4ti x L x f / As (Equation 1) 

1 .4 (rad) < Or < 3.0 (rad) (Equation 2) 

40 

Therefore, in the hermetic-type compressor of the 
present invention, since the length and the like of the 
suction passage are adjusted so that the crank angle 
wherein the reflected wave returns to the suction hole is 
optimal, suction pressure is raised, and the improve- 45 
ment effect of maximum refrigeration capability can be 
obtained. 

A hermetic-type compressor in accordance with 
claim 6 of the present invention comprises: 

50 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 55 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 



above-mentioned cylinder and having a suction 
hole; 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
opening end; and 

a deformable reflection prevention plate provided 
oppositely facing the above-mentioned opening 
end of the above-mentioned suction passage in the 
above-mentioned space inside the above-men- 
tioned enclosed container. 

Therefore, in the hermetic-type compressor of the 
present invention, its electric power consumption is 
decreased by not allowing the improvement effect of 
refrigeration capability to be obtained at low outside-air 
temperature at which no high refrigeration capability is 
required; at high outside-air temperature at which high 
refrigeration capability is required, the capability is con- 
trolled so as to obtain the improvement effect of refriger- 
ation capability in a conventional way, whereby the 
overall electric power consumption can be decreased. 

A hermetic-type compressor in accordance with 
claim 7 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an endosed container filled with refrigerant gas and 
usee; for housing the above-mentioned motor por- 
tion and the above-mentioned mechanical portion 
and for storing lubricant; 

a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; and 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
opening end; 

wherein the resonance frequency of refriger- 
ant gas in the above-mentioned enclosed container 
is a frequency different from a value close to a fre- 
quency range corresponding to an integral multiple 
of the rotation number of the above-mentioned 
crankshaft. 

Therefore, since the hermetic-type compressor of 
the present invention is configured so that the reso- 
nance frequency of the refrigerant gas in the enclosed 
container is not close to an integral multiple of the rota- 
tion number of the crankshaft, resonance sound is pre- 
vented from generating, and pressure amplitude js also 
prevented from attenuating when a pressure wave is 
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reflected at the opening of the suction passage, 
whereby suction pressure can be raised at all times, 
and the improvement effect of refrigeration capability 
can be obtained. 

A hermetic-type compressor in accordance with 
claim 8 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; 

a suction muffler; and 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, and the 
other end of which is disposed in the above-men- 
tioned muffler as an opening end. 

Therefore, the hermetic-type compressor of the 25 
present invention reduces the force for vibrating refrig- 
erant gas in the enclosed container by decreasing the 
pulsation of the refrigerant gas, and can always diminish 
resonance sound regardless of the resonance fre- 
quency of the refrigerant gas in the enclosed container. 30 
In addition, the hermetic-type compressor of the 
present invention always prevents the attenuation of the 
pressure amplitude obtained when a pressure wave is 
reflected at the opening portion of the suction passage 
regardless of the resonance frequency of the refrigerant 35 
gas in the enclosed container, whereby suction pres- 
sure is raised at all times regardless of any change in 
the shape of the enclosed container, operation condi- 
tions and the like, and the improvement effect of refrig- 
eration capability can be obtained. 40 

A hermetic-type compressor in accordance with 
claim 9 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 45 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 50 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; and 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 55 
hole of the above-mentioned valve plate, the other 
end of which is disposed in the space inside the 
above-mentioned enclosed container as an open- 



ing end. and a part of which is formed of a material 
having low heat conductivity. 

Therefore, in the hermetic-type compressor of the 
present invention, even when the temperatures of a cyl- 
inder head and the like change significantly with the 
passage of time after start, heat is prevented from trans- 
ferring to the suction passage, and a change in the tem- 
perature of the suction passage is decreased, whereby 
a change in the velocity of sound in refrigerant gas can 
be decreased, the stable rising of suction pressure can 
occur, and stable and high refrigeration capability can 
be obtained without being affected by the passage of 
time after start. 

A hermetic-type compressor in accordance with 
lim 10 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 
an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 1 
hole; 

a first suction passage, one end of which is sub- 
stantially directly connected to the above-men- 
tioned suction hole of the above-mentioned valve 
plate, and the other end of which is disposed in the 
space inside the above-mentioned enclosed con- 
tainer as an opening end; and 
a second suction passage having an opening end 
disposed near the above-mentioned opening end of 
the above-mentioned first suction passage. 

Therefore, in the hermetic-type compressor of the 
present invention, since low-temperature refrigerant gas 
having a high density is sucked into the suction pas- 
sage, the velocity of sound in the refrigerant gas is low- 
ered, and the influence of compressibility becomes 
large, and a large pressure wave generates. Therefore, 
in the hermetic-type compressor of the present inven- 
tion, by increasing the effect of raising suction pressure, 
and by sucking low-temperature refrigerant gas into the 
cylinder, the improvement effect of refrigeration capabil- 
ity can be increased significantly, and high refrigeration 
capability can be delivered; in addition, the transfer of 
pressure pulsation from the second suction passage to 
the refrigeration cycle can be reduced, whereby noise 
can be reduced. 

A hermetic-type compressor in accordance with 
claim 1 1 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion inducing a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
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mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 5 
above-mentioned cylinder and having a suction 
hole; and 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, the other 10 
ends of which are disposed in the space inside the 
above-mentioned enclosed container as a plurality 
of opening ends, wherein the lengths from the 
above-mentioned suction hole to the above-men- 
tioned plural opening ends have at least two kinds is 
of values. 

Therefore, in the hermetic-type compressor of the 
present invention, a generated pressure wave is 
reflected by each opening end of the suction passage 20 
and reaches the suction hole, whereby the timing when 
the reflected wave reaches the suction hole can be wid- 
ened. 

Accordingly, in the hermetic-type compressor of the 
present invention, the velocity of sound in refrigerant 25 
gas is changed by a change in operation conditions and 
the like; even if the timing when one of the reflected 
waves reaches the suction hole is deviated, other 
reflected waves reach the suction hole one after 
another; therefore, refrigerant gas having high pressure 30 
can be supplied into the cylinder at all times. Therefore, 
in the hermetic-type compressor of the present inven- 
tion, suction pressure can be raised at all times regard- 
less of changes in operation conditions, and stable and 
high refrigeration capability can be obtained. 35 

A hermetic-type compressor in accordance with 
claim 12 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 40 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 45 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; and 

a suction passage having a communication/shutoff 
mechanism, one end of which is substantially 50 
directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
opening end. 55 

Therefore, in the hermetic-type compressor of the 
present invention, when torque at start is present, the 



suction passage is separated away from the valve plate 
so as not to generate a pressure wave, whereby suction 
pressure is prevented from rising, and start torque can 
be reduced; therefore, in the hermetic-type compressor 
of the present invention, improper start can be pre- 
vented, and high reliability can be obtained. 

Furthermore, in the hermetic-type compressor of 
the present invention, the suction passage is directly 
connected to the valve plate during stable operation so 
as to generate pressure and raise suction pressure, 
whereby high refrigeration capability can be delivered. 

A hermetic-type compressor in accordance with 
claim 13 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; 

a first suction passage, one end of which is con- 
nected to the above-mentioned suction hole of the 
above-mentioned valve plate via a chamber, and 
the other end of which is disposed in the space 
inside the above-mentioned enclosed container as 
an opening end; and 

a second suction passage, one end of which is dis- 
posed near the opening end of the above-men- 
tioned first suction passage, and the other end of 
which is extended outside the above-mentioned 
enclosed container; 

wherein the above-mentioned opening end 
of the above-mentioned first suction passage is dis- 
posed on at least one of three planes: 

(1) a first plane which is substantially orthogo- 
nal to a first line segment at the center point of 
the above-mentioned first line segment pass- 
ing through the center of gravity of a plane hav- 
ing a substantially maximum cross-sectional 
area on the horizontal cross-section of the 
above-mentioned enclosed container, the 
above-mentioned first line segment being at a 
position wherein the distance between the 
inner walls of the above-mentioned enclosed 
container is minimum, 

(2) a second plane which, on the horizontal 
plane including the above-mentioned first line 
segment, passes through the center point of a 
second line segment between the inner wall 
surfaces of the above-mentioned enclosed 
container, the second line segment being sub- 
stantially orthogonal to the above-mentioned 
first line segment, and which is substantially 
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orthogonal to the above-mentioned second line 
segment, or 

(3) a third plane which passes through the 
center point of a third line segment having the 
maximum distance between the upper inner 
wall surface of the above-mentioned enclosed 
container and the above-mentioned lubricant 
surface in the vertical direction, and which is 
substantially orthogonal to the above-men- 
tioned third line segment. 

Therefore, the hermetic-type compressor of the 
present invention prevents resonance from generating 
in the enclosed container, reduces noise, raises the 
density of refrigerant gas, and becomes an apparatus 
having improved refrigeration capability. 

A hermetic-type compressor in accordance with 
claim 1 4 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; 

a first suction passage, one end of which is sub- 
stantially directly connected to the above-men- 
tioned suction hole of the above-mentioned valve 
plate, and the other end of which is disposed in the 
space inside the above-mentioned enclosed con- 
tainer as an opening end; and 
a second suction passage, one end of which is dis- 
posed near the opening end of the above-men- 
tioned first suction passage, and the other end of 
which is extended outside the above-mentioned 
enclosed container; 

wherein the above-mentioned opening end 
of the above-mentioned first suction passage is dis- 
posed on at least one of three planes: 

(1) a first plane which is substantially orthogo-- 
nal to a first tine segment at the center point of 
the above-mentioned first line segment pass- 
ing through the center of gravity of a plane hav- 
ing a substantially maximum cross-sectional 
area on the horizontal cross-section of the 
above-mentioned enclosed container, the 
above-mentioned first line segment being at a 
position wherein the distance between the 
inner walls of the above-mentioned enclosed 
container is minimum. 

(2) a second plane which, on the horizontal 
plane including the above-mentioned first line 
segment, passes through the center point of a 



second line segment between the inner wall 
surfaces of the above-mentioned enclosed 
container, the second line segment being sub- 
stantially orthogonal to the above-mentioned 
5 first line segment, and which is substantially 

orthogonal to the above-mentioned second line 
segment, or 

(3) a third plane which passes through the 
center point of a third line segment having the 

10 maximum distance between the upper inner 

wall surface of the above-mentioned enclosed 
container and the above-mentioned lubricant 
surface in the vertical direction, and which is 
substantially orthogonal to the above-men- 

75 tioned third line segment. 

Therefore, in the hermetic-type compressor of the 
present invention, the opening end of the suction pas- 
sage in the enclosed container is disposed at a node of 

20 a resonance mode, the generation of shock sound due 
to a pressure wave in the suction passage is reduced 
significantly, noise is reduced, the density of refrigerant 
gas is raised, and refrigeration capability can be 
improved significantly. 

25 A hermetic-type compressor in accordance with 
claim 1 5 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
30 ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
35 a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; and 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 

40 hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
opening end; 

wherein the bent portion of the above-men- 

45 tioned suction passage has a substantially uniform 
curvature. 

Therefore, in the hermetic-type compressor of the 
present invention, the attenuation of the pressure ampli- 
50 tudes of a pressure wave and a reflected wave can be 
decreased, whereby suction pressure can be raised, 
and highly improved refrigeration capability can be 
obtained. 

A hermetic-type compressor in accordance with 
55 claim 1 6 of the present invention comprises: 

a motor portion used as a power source; 

a mechanical portion including a crankshaft, a pis- 
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ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 5 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; and 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 10 
hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
opening end; 

wherein the above-mentioned suction pas- 15 
sage is bent a plurality of times and formed so that 
suction passage portions are close to each other. 

Therefore, in the hermetic-type compressor of the 
present invention, the amount of heat received from the 20 
high-temperature refrigerant gas in the enclosed con- 
tainer by the suction passage is lessened, and the tem- 
perature rise of the suction passage is reduced, 
whereby the temperature rise of suction gas in the suc- 
tion passage is prevented, and a large circulation 
amount of refrigerant can be obtained. 

In addition, in the hermetic-type compressor of the 
present invention, since the temperature of suction gas 
is low, and refrigerant gas having a high density is 
sucked into the suction passage, the velocity of sound in 
the refrigerant gas is lowered, whereby the influence of 
the compressibility of refrigerant gas increases, a large 
pressure wave generates, and high refrigeration capa- 
bility can be obtained. 

A hermetic-type compressor in accordance with 
claim 17 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant, 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
opening end; and 

a suction muffler for substantially covering the 
above-mentioned suction passage. 

Therefore, in the hermetic-type compressor of the 
present invention, the pulsation of suction gas is dimin- 



ished, and the force for vibrating refrigerant gas in the 
enclosed container is weakened, whereby resonance 
sound can be diminished regardless of the resonance 
frequency of the refrigerant gas in the enclosed con- 
tainer. 

In addition, in the hermetic-type compressor of the 
present invention, regardless of the resonance fre- 
quency of the refrigerant gas in the enclosed container, 
the attenuation of the pressure amplitude at the time 
when a pressure wave is reflected at the opening of the 
suction passage can be prevented at all times, whereby 
suction pressure rises at all times regardless of any 
change in the shape of the enclosed container, opera- 
tion conditions and the like, and stable and high refriger- 
ation capability can be obtained. 

Furthermore, in the hermetic-type compressor of 
the present invention, the temperature distribution of the 
suction passage is made uniform, and the change in the 
velocity of sound in refrigerant gas is decreased, 
whereby the attenuation of the pressure wave can be 
decreased, and suction pressure can be raised stably, 
and stable refrigeration capability can be obtained. 

A hermetic-type compressor in accordance with 
claim 18 of the present invention comprises: 

an enclosed container; 

an electric compression element housed in the 
above-mentioned enclosed container and compris- 
ing a cylinder constituting a compression element, 
30 and an electric motor 

a valve plate having a suction hole and disposed at 
the end surface of the above-mentioned cylinder; 
a suction passage, one end of which is open in the 
above-mentioned enclosed container, and the other 
35 end is substantially directly connected to the above- 
mentioned suction hole of the above-mentioned 
valve plate; and 

a passage changeover mechanism provided in the 
above-mentioned suction passage. 

40 

Therefore, the hermetic-type compressor of the 
present invention is configured so that a supercharging 
effect can be obtained only at high outside-air tempera- 
ture or at a high load wherein a high load is applied to 
45 the electric compression element, whereby electric 
power consumption can be reduced on the whole. 

A hermetic-type compressor in accordance with 
claim 19 of the present invention comprises: 

50 an enclosed container; 

an electric compression element housed in the 
above-mentioned enclosed container and compris- 
ing a cylinder constituting a compression element, 
and an electric motor; 
55 a valve plate having a suction hole and disposed at 
the end surface of the above-mentioned cylinder; 
a first suction passage, one end of which is dis- 
posed in the above-mentioned enclosed container 
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as an opening end, and the other end is substan- 
tially directly connected to the above-mentioned 
suction hole of the above-mentioned valve plate; 
a second suction passage, one end of which is 
extended outside the above-mentioned enclosed 
container, and the other end has an opening end 
disposed near the above-mentioned opening end of 
the above-mentioned first suction passage; and 
a passage changeover mechanism provided in the 
above-mentioned first suction passage. 

Therefore, the hermetic-type compressor of the 
present invention is configured so that a supercharging 
effect can be obtained only at high outside-air tempera- 
ture or at a high load wherein a high load is applied to 
the electric compression element, whereby electric 
power consumption can be reduced on the whole, and 
the density of refrigerant gas can be raised, and the 
refrigeration efficiency can be raised. 

A hermetic-type compressor in accordance with 
claim 20 of the present invention comprises: 

an enclosed container; 

an electric compression element housed in the 
above-mentioned enclosed container and compris- 
ing a cylinder constituting a compression element, 
and an electric motor 

a valve plate having a suction hole and disposed at 
the end surface of the above-mentioned cylinder; 
a suction passage, one end of which is open in the 
space inside the above-mentioned enclosed con- 
tainer, an accumulator or the like, and the other end 
is substantially directly connected to the above- 
mentioned suction hole; and 
an inverter for driving the above-mentioned motor. 

Therefore, in the hermetic-type compressor of the 
present invention, by performing supercharging in addi- 
tion to rotation number control, refrigeration capability 
required depending on outside-air temperature or a load 
can be obtained, and electric power consumption can 
be decreased. 

A hermetic-type compressor in accordance with 
claim 21 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; 

a suction lead for opening/closing the above-men- 
tioned suction hole; 

a suction passage, one end of which is substantially 



directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
5 opening end; and 

a resonance-type muffler provided in the above- 
mentioned suction passage. 

Therefore, in the hermetic-type compressor of the 
10 present invention, without reducing refrigeration capa- 
bility, noise generated due to the pulsation or the like of 
refrigerant gas to be sucked is diminished by the reso- 
nance-type muffler provided in the suction passage, 
whereby noise propagating from the suction passage 
15 into the enclosed container can be diminished, and 
noise propagating outside the enclosed container can 
be diminished eventually. 

A hermetic-type compressor in accordance with 
claim 22 of the present invention comprises: 

20 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

25 an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 

30 hole; 

a suction lead for opening/closing the above-men- 
tioned suction hole; and 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 

35 hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
opening end; 

wherein, at the direct connection portion 

40 between the above-mentioned suction hole and the 
above-mentioned suction passage, the axial direc- 
tion of the above-mentioned suction passage has 
an angle smaller than 90 degrees with respect to 
the connection surface of the above-mentioned 

45 valve plate. 

Therefore, the hermetic-type compressor of the 
present invention is configured so that when a reflected 
wave returns into the cylinder, the reflected wave is not 

so reflected by the suction lead, but is apt to easily enter 
the cylinder; even when the reflected wave is reflected 
by the suction lead, the angle between the propagation 
direction of the reflected wave and the suction lead is 
small; therefore, the propagation direction of the 

55 reflected wave after reflection is not changed greatly, 
and the reflected wave is apt to enter the cylinder. In 
other words, the reflected wave is less obstructed by the 
suction lead, and the pressure energy of the reflected 
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wave effectively enters the cylinder, whereby the her- 
metic-type compressor of the present invention has 
high refrigeration capability 

A hermetic-type compressor in accordance with 
claim 23 of the present invention comprises: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a pis- 
ton, a cylinder and the like driven by the above- 
mentioned motor portion; 

an enclosed container for housing the above-men- 
tioned motor portion and the above-mentioned 
mechanical portion and for storing lubricant; 
a valve plate disposed at the end surface of the 
above-mentioned cylinder and having a suction 
hole; 

a suction lead for opening/closing the above-men- 
tioned suction hole; 

a deflection control mechanism for controlling the 
initial deflection amount of the above-mentioned 
suction lead; and 

a suction passage, one end of which is substantially 
directly connected to the above-mentioned suction 
hole of the above-mentioned valve plate, and the 
other end of which is disposed in the space inside 
the above-mentioned enclosed container as an 
opening end. 

Therefore, the hermetic-type compressor of the 
present invention is configured so that high refrigeration 
capability cannot be obtained at low outside-air temper- 
ature at which high refrigeration capability is not 
required, whereby electric power consumption is 
reduced; and is configured so that refrigeration capabil- 
ity as high as a conventional value can be obtained at 
high outside-air temperature at which high refrigeration 
capability is required; by controlling refrigeration capa- 
bility, overall electric power consumption can be 
reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan sectional view showing a hermetic- 
type compressor in accordance with embodiment 1 of 
the present invention when the compressor has a node 
in the reciprocating direction of its piston. 

FIG. 2 is a front view showing the hermetic-type 
compressor in accordance with embodiment 1 of the 
present invention when the compressor has a node in 
the reciprocating direction of its piston. 

FIG. 3 is a front view showing the hermetic-type 
compressor in accordance with embodiment 1 of the 
present invention when the compressor has a node in 
the axial direction of its crankshaft. 

FIG. 4 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment 
2 of the present invention. 

FIG. 5 is a plan sectional view showing the her- 
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metic-type compressor in accordance with embodiment 
2 of the present invention. 

FIG. 6 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment 
5 3 of the present invention. 

FIG. 7 is a vertical sectional view showing the main 
portion of the hermetic-type compressor in accordance 
with embodiment 3 of the present invention when the 
velocity of sound in refrigerant gas is high. 
w FIG. 8 is a vertical sectional view showing the main 
portion of the hermetic-type compressor in accordance 
with embodiment 3 of the present invention when the 
velocity of sound in refrigerant gas is low. 

FIG. 9 is a vertical sectional view showing a her- 
75 metic-type compressor in accordance with embodiment 

4 of the present invention. 
FIG. 10 is a sectional view taken on line B-B when 

the hermetic-type compressor in accordance with 
embodiment 4 of the present invention operates at high 
20 outside-air temperature. 

FIG. 1 1 is a sectional view taken on line B-B when 
the hermetic-type compressor in accordance with 
embodiment 4 of the present invention operates at low 
outside-air temperature. 
25 FIG. 12 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment 

5 of the present invention. 
FIG. 13 is a plan sectional view showing the her- 
metic-type compressor in accordance with embodiment 

30 5 of the present invention. 

FIG. 14 is an explanatory view showing movements 
of refrigerant gas in the hermetic-type compressor in 
accordance with embodiment 5 of the present invention. 
FIG. 15 is a vertical sectional view showing a her- 
35 metic-type compressor in accordance with embodiment 

6 of the present invention. 
FIG. 16A is a sectional view showing an area near 

the opening of a suction pipe at low outside-air temper- 
ature in embodiment 6 of the present invention. 
40 FIG. 16B is a sectional view showing the area near 
the opening of the suction pipe at high outside-air tem- 
perature in embodiment 6 of the present invention. 

FIG. 17 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment 
45 7 of the present invention. 

FIG. 18 is a plan sectional view showing the her- 
metic-type compressor in accordance with embodiment 

7 of the present invention. 
FIG. 19 is a vertical sectional view showing a her- 

50 metic-type compressor in accordance with embodiment 

8 of the present invention. 
FIG. 20 is a sectional view showing an area near 

the opening end of the suction pipe and the suction muf- 
fler of the hermetic-type compressor in accordance with 
55 embodiment 8 of the present invention. 

FIG. 21 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment 

9 of the present invention. 
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FIG. 22 is a sectional view showing the hermetic- 
type compressor in accordance with embodiment 9 
taken on line B-B of FIG. 21. 

FIG. 23 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment s 

10 of the present invention. 

FIG. 24 is a sectional view showing the hermetic- 
type compressor in accordance with embodiment 10 
taken on line C-C of FIG. 23. 

FIG. 25 is a characteristic graph showing a change w 
in the rising ratio of suction pressure in embodiment 10 
of the present invention. 

FIG. 26 is a characteristic graph showing a change 
in the improvement ratio of refrigeration capability in 
embodiment 1 0 of the present invention. 15 

FIG. 27 is a characteristic graph showing a change 
in noise in embodiment 10 of the present invention. 

FIG. 28 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment 

1 1 of the present invention. 20 

FIG. 29 is a sectional view showing the hermetic- 
type compressor in accordance with embodiment 1 1 of 
the present invention taken on line D-D of FIG. 28. 

FIG. 30 is a vertical sectional view showing the 
opening end of a suction pipe in accordance with 25 
embodiment 1 1 of the present invention. 

FIG. 31 is a view showing the opening surface of 
the opening end of the suction pipe in accordance with 
embodiment 11 of the present invention. 

FIG. 32 is a vertical sectional view showing a her- 30 
metic-type compressor in accordance with embodiment 

1 2 of the present invention. 

FIG. 33 is a sectional view showing the hermetic- 
type compressor in accordance with embodiment 12 of 
the present invention taken on line E-E of FIG. 32. 35 

FIG. 34 is a plan sectional view showing the main 
portion of a cylinder head portion at the time of start in 
embodiment 12 of the present invention. 

FIG. 35 is a plan sectional view showing the main 
portion of the cylinder head portion during stable opera- 40 
tion in embodiment 12 of the present invention. 

FIG. 36 is a plan sectional view showing a her- 
metic-type compressor in accordance with embodiment 

1 3 of the present invention when the compressor has a 
node of a resonance mode in a direction perpendicular 45 
to the reciprocating direction of its piston. 

FIG. 37 is a plan view showing the hermetic-type 
compressor in accordance with embodiment 13 of the 
present invention when the compressor has a node of a 
resonance mode in the direction perpendicular to the so 
reciprocating direction of its piston. 

FIG. 38 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment 

1 4 of the present invention when the compressor has a 
node of a resonance mode in a direction perpendicular 55 
to the reciprocating direction of its piston. 

FIG. 39 is a plan sectional view showing the her- 
metic-type compressor in accordance with embodiment 



14 when the compressor has a node of a resonance 
mode in the direction perpendicular to the reciprocating 
direction of its piston. 

FIG. 40 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment 

15 of the present invention. 

FIG. 41 is a front sectional view showing the her- 
metic-type compressor in accordance with embodiment 
15 of the present invention taken on line B-B of FIG. 40. 

FIG. 42 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodiment 
15 of the present invention having another shape of suc- 
tion passage. 

FIG. 43 is a front sectional view showing the her- 
metic-type compressor in accordance with embodiment 

15 of the present invention taken on line C-C of FIG. 42. 

FIG. 44 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment 

16 of the present invention. 

FIG. 45 is a front sectional view showing the her- 
metic-type compressor in accordance with embodiment 

16 of the present invention taken on line D-D of FIG. 44. 

FIG. 46 is a vertical sectional view showing a her- 
metic-type compressor in accordance with embodiment 

1 7 of the present invention. 

FIG. 47 is a front sectional view showing the her- 
metic-type compressor in accordance with embodiment 

17 of the present invention taken on line E-E of FIG. 46. 

FIG. 48 is a plan sectional view showing a her- 
metic-type compressor in accordance with embodiment 

18 of the present invention. 

FIG. 49 is a front sectional view taken on line B-B of 
FIG. 48. 

FIG. 50 is a sectional view showing the main por- 
tion of the suction passage of the hermetic-type com- 
pressor in accordance with embodiment 18 of the 
present invention during high-load operation. 

FIG. 51 is a sectional view showing the main por- 
tion of the suction passage of the hermetic-type com- 
pressor in accordance with embodiment 18 of the 
present invention during ordinary operation. 

FIG. 52 is a plan sectional view showing a her- 
metic-type compressor in accordance with embodiment 

19 of the present invention. 

FIG. 53 is a front sectional view taken on line C-C of 
FIG. 52. 

FIG. 54 is a sectional view showing the main por- 
tion of the suction passage of the hermetic-type com- 
pressor in accordance with embodiment 19 during high- 
load operation. 

FIG. 55 is a sectional view showing the main por- 
tion of the suction passage of the hermetic-type com- 
pressor in accordance with embodiment 19 during 
ordinary operation. 

FIG. 56 is a plan sectional view showing a her- 
metic-type compressor in accordance with embodiment 

20 of the present invention. 

FIG. 57 is a control block diagram of a refrigeration 
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apparatus including the hermetic-type compressor in 
accordance with embodiment 20 of the present inven- 
tion. 

FIG. 58 is a characteristic diagram showing a 
change in refrigeration capability at the time of rotation 5 
number control in the hermetic-type compressor in 
accordance with embodiment 20. 

FIG. 59 is a plan sectional view showing a her- 
metic-type compressor in accordance with embodiment 
21 of the present invention. 10 

FIG. 60 is a front sectional view showing the her- 
metic-type compressor in accordance with embodiment 
21 taken on line B-B of FIG. 59. 

FIG. 61 is a sectional view showing an area near 
the suction passage of the hermetic-type compressor in is 
accordance with embodiment 21 . 

FIG. 62 is a sectional view showing an area near 
the cylinder of a hermetic-type compressor in accord- 
ance with embodiment 22 of the present invention. 

FIG. 63 is a sectional view showing an area near 20 
the cylinder of a hermetic-type compressor in accord- 
ance with embodiment 23 of the present invention dur- 
ing stoppage at low outside-air temperature. 

FIG. 64 is a sectional view showing the area near 
the cylinder of the hermetic-type compressor in accord- 25 
ance with embodiment 23 of the present invention dur- 
ing stoppage at high outside-air temperature. 

FIG. 65 is a sectional view showing an area near 
the cylinder of a hermetic-type compressor in accord- 
ance with embodiment 24 of the present invention dur- 30 
ing stoppage at low outside-air temperature. 

FIG. 66 is a sectional view showing the area near 
the cylinder of the hermetic-type compressor in accord- 
ance with embodiment 24 of the present invention dur- 
ing stoppage at high outside-air temperature. 35 

FIG. 67 is the vertical sectional view showing the 
conventional hermetic-type compressor intended for 
low noise. 

FIG. 68 is the plan sectional view showing the con- 
ventional hermetic-type compressor intended for low 40 
noise. 

FIG. 69 is the vertical sectional view showing the 
conventional hermetic-type compressor intended to 
improve refrigerant capability. 

FIG. 70 is the plan sectional view showing the her- 45 
metic-type compressor taken on line A- A of FIG. 69. 

FIG. 71 is the sectional view showing the main por- 
tion of the hermetic-type compressor shown in FIG. 69. 

FIG. 72 is the explanatory view showing the behav- 
ior of refrigerant gas. so 

BEST MODE FOR EMBODYING THE PRESENT 
INVENTION 

Each embodiment of the present invention will be 55 
described below referring to the accompanying draw- 
ings. 



< (EMBODIMENT 1 )> 

First, embodiment 1 , an example of a hermetic-type 
compressor of the present invention, is described 
below. 

FIG. 1 is a plan sectional view showing the her- 
metic-type compressor in accordance with embodiment 
1 of the present invention, and shows the hermetic-type 
compressor having a node of a resonance mode in a 
direction perpendicular to the reciprocating direction on 
a horizontal plane including the reciprocating direction 
(arrows w-w in FIG. 1 ) of its piston. FIG. 2 is a front view 
showing a condition wherein a resonance mode is pro- 
vided in the direction perpendicular to the reciprocating 
direction on the horizontal plane including the recipro- 
cating direction of the piston of the hermetic-type com- 
pressor in accordance with embodiment 1 of the 
present invention. FIG. 3 is a front view showing a con- 
dition wherein a resonance mode is provided in the axial 
direction of the crankshaft of the hermetic-type com- 
pressor in accordance with embodiment 1 of the 
present invention. 

In FIGs. 1 and 2, the hermetic-type compressor 1 
has an enclosed container 2 comprising a lower shell 3 
and an upper shell 4. An electric compression element 
5 in the enclosed container 2 is elastically supported in 
the enclosed container 2 by coil springs 8 so that a 
mechanical portion 6 is disposed in the upper portion 
and so that a motor portion 7 is disposed in the lower 
portion. The mechanical portion 6 comprises a cylinc.vr 
10 integrally provided with a block 9, a piston 11 r«r o* 
rocating in the left-right directions in FIG. 1 along ar 
w in FIG. 1, a crankshaft 12, a connecting rod 1c 
the like. The motor portion 7 comprises a rotor secured 
by shrinkage fit (fitted after heating and secured) to the 
crankshaft 12, a stator and the like. The stator is 
secured to the block 9 using screws. Lubricant 17 is 
stored at the bottom of the enclosed container 2. 

One end of a suction pipe 22 for sucking refrigerant 
gas into the cylinder 10 is installed in the mechanical 
portion 6 via a suction chamber 25, and the other end is 
disposed in the enclosed container 2 as an opening end 
22a. Therefore, the suction pipe 22 is used so that the 
interior of the cylinder 1 0 communicates with the interior 
of the enclosed container 2. This suction pipe 22 is 
formed of a shape-memory alloy, and the opening end 
22a of the suction pipe 22 is configured so as to be at a 
desired position depending on a change in temperatur » 
The opening end 22a of the suction pipe 22 is movable 
and disposed on at least one of the following three 
planes in accordance with the condition described 
below. 

(1) on a first plane (the plane indicated by straight 
line W in FIG. 1) (at the position showing the open- 
ing end 22a in FIG. 1) which is substantially orthog- 
onal to a first line segment (the line segment 
indicated by arrow v in FIG. 1) at the center point of 



18 



BNSDOCID: <EP 0845595A1_I_> 



35 



EP0 845 595 A1 



36 



the above-mentioned first line segment (v) passing 
through the center of gravity (the position of the 
center of gravity at the horizontal cross-section) of a 
plane (the horizontal plane indicated by straight line 
H in FIG. 2) having a substantially maximum cross- 5 
sectional area on the horizontal cross-section (the 
cross-section in parallel with the paper surface of 
FIG. 1) of the above-mentioned enclosed container 
2, the first line segment (v) being at a position 
wherein the distance between the inner walls of the w 
above-mentioned enclosed container 2 is minimum 
(on the horizontal plane indicated by straight line H 
in FIG. 2), or 

(2) on a second plane (the vertical plane indicated 

by straight line V in FIG. 1 and the straight line X in 15 
FIG. 2) (at the position showing the opening end 
22a in FIG. 2) which, on the horizontal plane (H) 
including the above-mentioned first line segment 
(v), passes through the center point of a second line 
segment (the line segment indicated by arrow w in 20 
FIG. 1) between the inner wall surfaces of the 
above-mentioned enclosed container 2, the second 
line segment being substantially orthogonal to the 
above-mentioned first line segment (v), and which 
is substantially orthogonal to the above-mentioned 25 
second line segment (w), or 

(3) on a third plane (the horizontal plane indicated 
by straight line Y in FIG. 3) (at the position showing 
the opening end 22a in FIG. 3) which passes 
through the center point of a third line segment (the 30 
line segment indicated by arrow x in FIG. 3) having 

the maximum distance between the upper inner 
wall surface of the above-mentioned enclosed con- 
tainer 2 and the above-mentioned lubricant surface 
in the vertical direction, and which is substantially 35 
orthogonal to the above-mentioned third line seg- 
ment (x). 

The opening end 22a of the suction pipe 22 is dis- 
posed on at least one of the three planes. 40 

Next, the operation of the hermetic-type compres- 
sor of embodiment 1 having the above-mentioned con- 
figuration is described below. 

Refrigerant gas circulated from a system such as a 
refrigeration apparatus is relieved once in the space 45 
inside the enclosed container 2 and sucked into the cyl- 
inder 10 via the suction pipe 22 secured to the block 9. 
The refrigerant gas in the cylinder 10 is compressed by 
the piston 11 . At this time, the refrigerant gas is sucked 
into the cylinder 1 0 by one half rotation of the crankshaft so 
12, and compressed by the other half rotation. 

Thus, since the refrigerant gas is not sucked contin- 
uously into the cylinder 10, the pressure pulsation of the 
refrigerant gas occurs in the suction pipe 22. Therefore, 
the pressure pulsation vibrates the space inside the 55 
enclosed container 2, and resonance modes are gener- 
ated in the reciprocating direction of the piston 1 1 , in a 
direction perpendicular to the reciprocating direction on 



a horizontal plane including the reciprocating direction 
of the piston 1 1 , and in the axial direction of the crank- 
shaft 12. 

At that time, the pressure pulsation energy in the 
resonance modes in the reciprocating direction of the 
piston 1 1 , in the direction perpendicular to the recipro- 
cating direction on the horizontal plane including the 
reciprocating direction of the piston 1 1 , and in the axial 
direction of the crankshaft 12 changes depending on 
the velocity of sound in refrigerant gas (the velocity of 
sound passing through refrigerant gas). 

For example, when the temperature of the refriger- 
ant gas is raised because of high outside-air tempera- 
ture and the velocity of the sound in the refrigerant gas 
increases, a node of the resonance mode is generated 
in the direction perpendicular to the reciprocating direc- 
tion on the horizontal plane including the reciprocating 
direction of the piston 1 1 . 

At that time, by providing the opening end 22a of 
the suction pipe 22 in the space inside the enclosed 
container 2 so as to align the opening end 22a with the 
mode of the resonance mode in the direction perpendic- 
ular to the reciprocating direction on the horizontal 
plane including the reciprocating direction of the piston 

1 1 , pressure pulsation is not caused, and the genera- 
tion of resonance sound can be prevented. FIG. 2 is a 
front view showing a condition wherein the node of the 
resonance mode in the direction perpendicular to the 
reciprocating direction on the horizontal plane including 
the reciprocating direction of the piston 1 1 of the her- 
metic-type compressor in accordance with embodiment 
1 is aligned with the opening end 22a. 

Next, when the temperature of the refrigerant gas is 
lowered because of low outside-air temperature or the 
like, and the velocity of sound in the refrigerant gas 
decreases, the node of the resonance mode is gener- 
ated in the axial direction of the crankshaft 1 2. 

At this time, as the temperature of the refrigerant 
gas lowers, and the temperature of the suction pipe 22 
lowers, the opening end 22a of the suction pipe 22 in 
the space inside the enclosed container 2, which is 
formed of a shape-memory alloy, is bent downward in 
the vertical direction. 

Therefore, since the opening end 22a of the suction 
pipe 22 in the space inside the enclosed container 2 is 
disposed at the position aligned with the node of the 
resonance mode in the axial direction of the crankshaft 

12, pressure pulsation is not caused, and the genera- 
tion of resonance sound can be prevented. FIG. 3 is a 
front sectional view showing a condition wherein the 
node of the resonance mode in the axial direction of the 
crankshaft 12 of the hermetic-type compressor in 
accordance with embodiment 1 is aligned with the 
opening end 22a. 

In the hermetic-type compressor of embodiment 1 , 
even when the node of the resonance mode at a reso- 
nance frequency is changed because the velocity of 
sound in the refrigerant gas is changed by a change in 
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outside-air temperature, the opening end 22a of the 
suction pipe 22 is always positioned at the node of the 
resonance mode. Therefore, the hermetic-type com- 
pressor of embodiment 1 can prevent the generation of 
resonance sound, and can attain low noise. 

As described above, in the hermetic-type compres- 
sor ol embodiment 1 , the suction pipe 22 used to com- 
municate the interior of the cylinder 10 with the interior 
of the enclosed container 2 is formed of a shape-mem- 
ory alloy, and the opening end 22a of the suction pipe 
22 is disposed at least one of the following planes: 

(1) the first plane (W) which is substantially orthog- 
onal to the first line segment (v) at the center point 
of the above-mentioned first line segment (v) pass- 
ing through the center of gravity of the plane (H) 
having a substantially maximum cross-Sectional 
area on the horizontal cross-section of the above- 
mentioned enclosed container 2, the first line seg- 
ment (v) being at the position wherein the distance 
between the inner walls of the above-mentioned 
enclosed container 2 is minimum, 

(2) the second plane (V) which, on the horizontal 
plane (H) including the above-mentioned first line 
segment (v), passes through the center point of the 
second line segment (w) between the inner wall 
surfaces of the above-mentioned enclosed con- 
tainer 2. the second line segment being substan- 
tially orthogonal to the above-mentioned first line 
segment (v), and which is substantially orthogonal 
to the above-mentioned second line segment (w), 
or 

(3) on the third plane (Y) which passes through the 
center point of the third line segment (x) having the 
maximum distance between the upper inner wall 
surface of the above-mentioned enclosed container 
2 and the above-mentioned lubricant surface in the 
vertical direction, and which is substantially orthog- 
onal to the above-mentioned third line segment (x). 

In the hermetic-type compressor of embodiment 1 , 
even when the node of the resonance mode at the res- 
onance frequency is changed because the velocity of 
sound in the refrigerant gas is changed by a change in 
the temperature of the refrigerant gas, the opening end 
22a of the suction pipe 22 is always positioned at the 
node of the resonance mode. Therefore, the generation 
of resonance sound in the suction pipe 22 can be pre- 
vented, and the generation of noise can be prevented. 

In the case of embodiment 1 , the temperature of the 
refrigerant gas is changed by outside-air temperature, 
and the velocity of sound in the refrigerant gas is 
changed. However, under a condition wherein the 
velocity of sound in the refrigerant gas is changed, even 
when the change is caused by a change in pressure or 
the like, the same effect as that of the above-mentioned 
embodiment can be obtained. 

In the above-mentioned embodiment 1 , the follow- 
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ing cases are described; the node of the resonance 
mode at high outside-air temperature is in the direction 
perpendicular to the reciprocating direction on the hori- 
zontal plane including the reciprocating direction of the 

5 piston 1 1 , and the node of the resonance mode at low 
outside-air temperature is in the axial direction of the 
crankshaft 12. However, by having a configuration 
wherein the opening end 22a of the suction pipe 22 is 
moved as the node of the resonance mode is changed 

10 in the reciprocating direction of the piston 11, in the 
direction perpendicular to the reciprocating direction on 
the horizontal plane including the reciprocating direction 
of the piston 1 1 , in the axial direction of the crankshaft 
1 2, and in the vicinity of each direction, a hermetic-type 

75 compressor having attained low noise can be obtained. 
Even an electric or mechanical configuration 
wherein the opening end 22a of the suction pipe 22 is 
moved depending on a change in the node of the reso- 
nance mode can obtain the same effect as that of the 

20 above-mentioned embodiment 1 . 

< {EMBODIMENT 2)) 

Next, embodiment 2, an example of the hermetic- 
25 type compressor of the present invention, will be 
described below referring to the accompanying diaw- 
ings. 

FIG. 4 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodiment 

30 2 of the present invention. FIG. 5 is a plane sectional 
view showing the hermetic-type compressor in accord- 
ance with embodiment 2 of the present invention. In the 
hermetic-type compressor of embodiment 2, compo- 
nents having the same functions and configurations as 

35 those of the hermetic-type compressor of the above- 
mentioned embodiment 1 are designated by the same 
marks, and their descriptions are omitted. 

In FIGs. 4 and 5, a suction hole 19a is formed in a 
valve plate 1 9 secured to the end surface of the cylinder 

40 10 ot a mechanical portion 6, and one end of a suction 
pipe 23 is directly connected to the suction hole 19a. 
The other end of the suction pipe 23 is disposed in the 
space inside an enclosed container 2. 

An opening end 23a of the suction pipe 23 is dis- 

45 posed on at least one of the following three planes. 

(1) on a first plane (the plane indicated by straight 
line W in FIG. 5) (at the position showing the open- 
ing end 22a in FIG. 5) which is substantially orthog- 

50 onal to a first line segment (the line segment 
indicated by arrow v in FIG. 5) at the center point of 
the above-mentioned first line segment (v) passing 
through the center of gravity (the position of the 
center of gravity at the horizontal cross-section) of a 

55 plane (the horizontal plane indicated by straight line 
H in FIG. 4) having a substantially maximum cross- 
sectional area on the horizontal cross-section (the 
cross-section in parallel with the paper surface of 



20 



39 



EP 0 845 595 A1 



40 



FIG. 5) of the above-mentioned enclosed container 
2, the first line segment (v) being at a position 
wherein the distance between the inner walls of the 
above-mentioned enclosed container 2 is minimum 
(on the horizontal plane indicated by straight line H 
in FIG. 4), or 

(2) on a second plane (the vertical plane indicated 
by straight line V in FIG. 5) which, on the horizontal 
plane (H) including the above-mentioned first line 
segment (v), passes through the center point of a 
second line segment (the line segment indicated by 
arrow w in FIG. 5) between the inner wall surfaces 
of the above-mentioned enclosed container 2, the 
second line segment being substantially orthogonal 
to the above-mentioned first line segment (v), and 
which is substantially orthogonal to the above-men- 
tioned second line segment (w), or 

(3) on a third plane (the horizontal plane indicated 
by straight line Y in FIG. 4) which passes through 
the center point of a third line segment (the line seg- 
ment indicated by arrow x in FIG. 4) having the 
maximum distance between the upper inner wall 
surface of the above-mentioned enclosed container 
2 and the above-mentioned lubricant surface in the 
vertical direction, and which is substantially orthog- 
onal to the above-mentioned third line segment (x). 

The opening end 22a of the suction pipe 22 is dis- 
posed on at least one of the above three planes. 

In the hermetic-type compressor shown in FIGs. 4 
and 5, the opening end 23a of the suction pipe 23 is dis- 
posed on the first plane (W). 

Next, the operation of the hermetic-type compres- 
sor of embodiment 2 having the above-mentioned con- 
figuration is described below. 

A pressure wave generated in the cylinder 10 
passes through the suction hole 19a of the valve plate 
19, propagates in the direction opposite to the flow of 
refrigerant gas, and becomes a reflected wave having 
an inverse phase in the space inside the enclosed con- 
tainer 2. This reflected wave propagates in the same 
direction as the f tow of the refrigerant gas, and returns 
to the suction hole 19a. 

By aligning the time when this reflected wave 
reaches the suction hole 1 9a with the time when the vol- 
ume inside the cylinder 10 becomes maximum (suction 
completion time), the pressure energy of the reflected 
wave is added to the refrigerant gas at the suction com- 
pletion time, and the suction pressure of the refrigerant 
gas rises. 

As a result, refrigerant gas having a higher density 
is charged into the cylinder 1 0, the discharge amount of 
refrigerant per a compression stroke increases, the cir- 
culation amount of refrigerant increases, and refrigera- 
tion capability can be improved significantly. In this way, 
in the hermetic-type compressor of embodiment 2, the 
suction loss of refrigerant gas decreases, and cooling 
efficiency can be improved. 



At that time, the pressure wave generated in the 
cylinder 10 generates shock sound and vibrates the 
space inside the enclosed container 2, thereby generat- 
ing resonance modes in the reciprocating direction of 
5 the piston 1 1 , in a direction perpendicular to the recipro- 
cating direction on a horizontal plane including the 
reciprocating direction of the piston 1 1 , and in the axial 
direction of the crankshaft 12. 

In the hermetic-type compressor shown in FIGs. 4 
w and 5, the opening end 23a of the suction pipe 23 in the 
space inside the enclosed container 2 is disposed at a 
node of the resonance mode in the direction perpendic- 
ular to the reciprocating direction on the horizontal 
plane including the reciprocating direction of the piston 
15 11. Therefore, in the hermetic-type compressor of 
embodiment 2, the opening end 23a of the suction pipe 
23 is positioned at the node of the resonance mode, 
whereby the generation of the shock sound generated 
by the pressure wave at the suction pipe 23 can be pre- 
20 vented significantly, and low noise can be attained. 

As described above, in the hermetic-type compres- 
sor of embodiment 2, the one end of the suction pipe 23 
is directly connected to the suction hole 19a of the valve 
plate 19, and the other end is disposed on the predeter- 
25 mined plane in the space inside the enclosed container 
2. Therefore, the opening end 23a of the suction pipe 23 
becomes the node of the resonance mode, whereby in 
the hermetic-type compressor, the generation of the 
shock sound generated by the pressure wave at the 
30 suction pipe 23 can be prevented significantly, and 
noise can be reduced. Consequently, the hermetic-type 
compressor of embodiment 2 becomes a highly eff icient 
hermetic-type compressor capable of improving refrig- 
eration capability and reducing suction loss. 
35 In embodiment 2, a conf iguration wherein the open- 
ing end 23a of the suction pipe 23 in the space inside 
the enclosed container 2 is at the node of the resonance 
mode in the direction perpendicular to the reciprocating 
direction of the piston 11 is used in the above descrip- 
40 tion. However, the same effect as that of the above- 
mentioned embodiment 2 can be obtained when the 
opening end of the suction pipe 23 in the space inside 
the enclosed container 2 is at the node of the resonance 
mode in each direction, that is, at the node of the reso- 
45 nance mode in the reciprocating direction of the piston 
1 1 , at the node of the resonance mode in the axial direc- 
tion of the crankshaft 12, or the like. 

{(EMBODIMENT 3)> 

50 

Next, embodiment 3, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

55 FIG. 6 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodiment 
3 of the present invention. FIG. 7 is a vertical sectional 
view Showing the main portion of the hermetic-type 
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compressor in accordance with embodiment 3 of the 
present invention when the velocity of sound in refriger- 
ant gas is high. FIG. 8 is a vertical sectional view show- 
ing the main portion of the hermetic-type compressor in 
accordance with embodiment 3 of the present invention 5 
when the velocity of sound in refrigerant gas is low. In 
the hermetic-type compressor of embodiment 3, com- 
ponents having the same functions and configurations 
as those of the hermetic-type compressor of the above- 
mentioned embodiment 1 or embodiment 2 are desig- w 
nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 6, 7 and 8, a suction hole 19a is formed in 
a valve plate 19 secured to the end surface of the cylin- 
der 10 of a mechanical portion 6. One end of a suction 15 
pipe 24 is directly connected to the suction hole 19a. 
The other end of the suction pipe 24 is disposed as an 
opening end 24a in the space inside an enclosed con- 
tainer 2. 

The suction pipe 24 has a length adjustment mech- 20 
anism. In FIGs. 7 and 8, mark 24b represents an open- 
ing hole formed in the suction pipe 24. The opening hole 
24b, which is at least one communication hole other 
than the opening end 24a, is provided for communicat- 
ing the space inside the suction pipe 24 with the space 25 
inside the enclosed container 2. Mark 26 represents an 
opening hole lid formed of a bimetal, a shape-memory 
alloy or the like for opening/closing the opening hole 
24b. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 3 having the above-mentioned con- 
figuration is described below. 

A pressure wave generated in the cylinder 10 
passes through the suction hole 19a of the valve plate 
19, propagates in the direction opposite to the flow of 
refrigerant gas, and becomes a reflected wave having 
an inverse phase in the space inside the enclosed con- 
tainer 2. The phase-inverted reflected wave propagates 
in the same direction as the flow of the refrigerant gas, 
and returns to the suction hole 19a. 

By aligning the time when this reflected wave 
reaches the suction hole 1 9a with the time when the vol- 
ume inside the cylinder 10 becomes maximum (suction 
completion time), the pressure energy of the reflected 
wave is added at the suction completion time, and the 
suction pressure of the refrigerant gas rises. 

As a result, refrigerant gas having a higher density 
is charged into the cylinder 10, the discharge amount of 
refrigerant per a compression stroke increases, the cir- 
culation amount of refrigerant increases, and refrigera- 
tion capability can be improved significantly. 

However, since the wavelengths of the pressure 
wave and the reflected wave change depending on the 
velocity of sound, the timing of adding the pressure 
energy of the reflected wave at the suction completion 
time generates an error, and the rising ratio of the suc- 
tion pressure of the refrigerant gas lowers. 

Accordingly, as shown in FIG. 7, when the velocity 



of sound in the refrigerant gas is high because of high 
outside-air temperature or the like, the opening hole lid 
26 formed of a bimetal, a shape-memory alloy or the like 
closes the opening hole 25, whereby the opening end of 
the suction pipe 24 becomes the opening end 24a dis- 
posed at the end of the suction pipe 24, and the length 
of the suction pipe 24 is increased. 

As a result, the suction pipe 24 can be lengthened 
by the amount of change in wavelength depending on 
the increased velocity of sound in the refrigerant gas, 
and the time when the reflected wave reaches the suc- 
tion hole 19a can be aligned with the time when the vol- 
ume inside the cylinder 10 becomes maximum (suction 
completion time). Therefore, in the hermetic-type com- 
pressor of embodiment 3, the pressure energy of the 
reflected wave can be added to the refrigerant gas at 
the suction completion time, and the suction pressure of 
the refrigerant gas can be raised. 

As shown in FIG. 8, when the velocity of sound in 
the refrigerant gas is low because of low outside-air 
temperature or the like, the opening hole lid 26 formed 
of a bimetal, a shape-memory alloy or the like opens the 
opening hole 25, whereby the opening end of the suc- 
tion pipe 24 becomes ahead of the opening end 24a of 
the suction pipe 24, and this corresponds that the length 
of the suction pipe 24 is decreased. 

As a result, when the velocity of sound in the refrig- 
erant gas becomes low, the suction pipe 24 is short- 
ened, whereby the time when the reflected wave 
reaches the suction hole 19a can be aligned with the 
time when the volume inside the cylinder 10 becomes 
maximum (suction completion time), the pressure 
energy of the reflected wave can be added to the refrig- 
erant gas at the suction completion time, and the suc- 
tion pressure of the refrigerant gas can be raised. 

As described above, by changing the length of the 
suction pipe 24, even when the velocity of sound in the 
refrigerant gas is changed by a change in the tempera- 
ture of the refrigerant gas due to a change in the out- 
side-air temperature, the time when the reflected wave 
reaches the suction hole 1 9a can be aligned with the 
time when the volume inside the cylinder 10 becomes 
maximum (suction completion time). Therefore, in the 
hermetic-type compressor of embodiment 3, the pres- 
sure energy of the reflected wave can be added to the 
refrigerant gas at the suction completion time, and the 
suction pressure can be raised. 

As a result, in the hermetic-type compressor of 
embodiment 3, the suction pressure rises at all times, 
the discharge amount of refrigerant per a compression 
stroke can increase, and the circulation amount of 
refrigerant increases. Therefore, the hermetic-type 
compressor of embodiment 3 can have high refrigera- 
tion efficiency by improving refrigeration capability and 
by lowering suction loss. 

As described above, in the hermetic-type compres- 
sor of embodiment 3, the one end of the suction pipe 24 
is disposed as the opening end 24a in the space inside 
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the enclosed container 2, and the other end is directly 
connected to the suction hole 19a of the valve plate 1 9. 
In addition, the suction pipe 24 is provided with the 
length adjustment mechanism. The length adjustment 
mechanism comprises at least one opening hole 25, 5 
other than the opening end, which is provided in the 
suction pipe 24 so as to communicate the interior ol the 
suction pipe 24 with the space inside the enclosed con- 
tainer 2, and the opening hole lid 26 formed of a bimetal, 
a shape-memory alloy or the like for opening/closing the 10 
opening hole 25. By changing the length of the suction 
pipe 24 by using the length adjustment mechanism, 
even when the velocity of sound in the refrigerant gas is 
changed by a change in the temperature of the refriger- 
ant gas due to a change in the outside-air temperature, 15 
the time when the reflected wave reaches the suction 
hole 19a can be aligned with the time when the volume 
inside the cylinder 10 becomes maximum (suction com- 
pletion time). Therefore, the pressure energy of the 
reflected wave can be added to the refrigerant gas at 20 
the suction completion time, and the suction pressure of 
the refrigerant gas can be raised. 

As a result, in the hermetic-type compressor of 
embodiment 3, the suction pressure rises at all times, 
the discharge amount of refrigerant per a compression 25 
stroke can increase, and the circulation amount of 
refrigerant increases. Therefore, the hermetic-type 
compressor of embodiment 3 becomes an the her- 
metic-type compressor having high refrigeration effi- 
ciency by improving refrigeration capability and by 30 
reducing suction loss. 

Furthermore, in embodiment 3, the temperature of 
the refrigerant gas is changed depending on outside-air 
temperature, and the velocity of sound in the refrigerant 
gas is changed. However, the hermetic-type compres- 35 
sor of embodiment 3 is useful even when the pressure 
or the like changes, provided that the velocity of sound 
in the refrigerant gas changes. 

In embodiment 3, the length adjustment mecha- 
nism comprises the suction pipe 24, at least one open- 40 
ing hole 25, other than the opening end 24a, which is 
provided in the suction pipe 24 so as to communicate 
the interior of the suction pipe 24 with the space in the 
enclosed container 2, and the opening hole lid 26 
formed of a bimetal, a shape-memory alloy or the like 45 
and openably disposed at the opening hole 25. How- 
ever, if the length adjustment mechanism is an adjust- 
ment mechanism wherein the length of the pipe is 
changed depending on the change in the velocity of 
sound in the refrigerant gas, it is needless to say that so 
the same effect as that of embodiment 3 can be 
obtained. 

<< EMBODIMENT 4) > 

55 

Next, embodiment 4, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 



ings. 

FIG. 9 is a sectional view showing the hermetic- 
type compressor in accordance with embodiment 4 of 
the present invention. FIG. 10 is a sectional view taken 
on line B-B of FIG. 9 when the hermetic-type compres- 
sor in accordance with embodiment 4 of the present 
invention operates at high outside-air temperature. FIG. 
1 1 is a sectional view taken on line B-B of FIG. 9 when 
the hermetic-type compressor in accordance with 
embodiment 4 of the present invention operates at low 
outside-air temperature. In the hermetic-type compres- 
sor of embodiment 4, components having the same 
functions and configurations as those of the hermetic- 
type compressor of the above-mentioned embodiment 
1, embodiment 2 or embodiment 3 are designated by 
the same marks, and their descriptions are omitted. 

In FIG. 9, a suction hole 19a is formed in a valve 
plate 19 secured to the end surface of the cylinder 10 of 
a mechanical portion 6, and one end of a suction pipe 
27 is directly connected to the suction hole 19a. The 
other end of the suction pipe 27 is disposed in the space 
inside an enclosed container 2 as an opening end 27a. 
The suction pipe 27 is formed of a material having a 
high coefficient of linear expansion. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 4 having the above-mentioned con- 
figuration is described below. 

A pressure wave generated in the cylinder 10 
passes through the suction hole 19a of the valve plate 
19, propagates in the direction opposite to the flow of 
refrigerant gas, and becomes a reflected wave having 
an inverse phase in the space inside the enclosed con- 
tainer 2. This reflected wave propagates in the same 
direction as that of the flow of the refrigerant gas, and 
returns to the suction hole 19a. 

By aligning the time when this reflected wave 
reaches the suction hole 19a with the time when the vol- 
ume inside the cylinder 10 becomes maximum (suction 
completion time), the pressure energy of the reflected 
wave is added to the refrigerant gas at the suction com- 
pletion time, and the suction pressure of the refrigerant 
gas rises. 

Therefore, refrigerant gas having a higher density is 
charged into the cylinder 10, the discharge amount of 
refrigerant per a compression stroke increases, the cir- 
culation amount of refrigerant increases, and refrigera- 
tion capability can be improved significantly. 

At that time, the pressure wave generated in the 
cylinder 10 generates shock sound. However, since the 
wavelengths of the pressure wave and the reflected 
wave change depending on the velocity of sound, the 
timing of adding the pressure energy of the reflected 
wave at the suction completion time generates an error, 
and the rising ratio of the suction pressure of the refrig- 
erant gas lowers. 

Accordingly, as shown in FIG. 10, when the velocity 
of sound in the refrigerant gas is high, the suction pipe 
27 formed of a material having a high coefficient of lin- 
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ear expansion expands due to high temperature, and 
the inner cross-sectional area of the suction pipe 27 
increases. 

In this way, as the velocity of sound in the refriger- 
ant gas increases, and the wavelength of the reflected 5 
wave changes, the inner cross-sectional area of the 
suction pipe 27 increases. As a result, the flow velocity 
of the refrigerant gas is lowered, and the return timing of 
the reflected wave is delayed, whereby the time when 
the reflected wave reaches the suction hole 19a can be 10 
aligned with the time when the volume inside the cylin- 
der 10 becomes maximum (suction completion time). 
Therefore, in the hermetic-type compressor of embodi- 
ment 4, the pressure energy of the reflected wave can 
be added to the refrigerant gas at the suction compie- 15 
tion time, and the suction pressure of the refrigerant gas 
can be raised. 

When the velocity of sound in the refrigerant gas is 
low due to low outside-air temperature as shown in FIG. 
11, the suction pipe 27 formed of a material having a 
high coefficient of linear expansion shrinks due to a 
drop in temperature, and the inner cross-sectional area 
of the suction pipe 27 decreases. 

In this way, when the velocity of sound in the refrig- 
erant gas decreases, the inner cross-sectional area of 
the suction pipe 27 decreases, the flow velocity of the 
refrigerant gas is raised, and the return timing of the 
reflected wave is advanced, whereby the time when the 
reflected wave reaches the suction hole 19a can be 
aligned with the time when the volume inside the cylin- 
der 10 becomes maximum (suction completion time). 
Therefore, the pressure energy of the reflected wave 
can be added to the refrigerant gas at the suction com- 
pletion time, and the suction pressure of the refrigerant 
gas can be raised. However, since the inner cross-sec- 
tional area of the suction pipe 27 decreases, the pres- 
sure energy of the reflected wave decreases slightly, 
and the effect of raising the suction pressure is lowered 
slightly. 

However, when outside-air temperature is low and it 
is not necessary to greatly improve refrigeration capa- 
bility in comparison with the time when outside-air tem- 
perature is high, the inner cross-sectional area of the 
suction pipe 27 decreases. In this way, the effect of 
refrigeration capability decreases slightly; however, a 
room is often closed in winter during which outside-air 
temperature is low, and noise becomes more annoying 
than in summer; in the hermetic-type compressor of 
embodiment 4, the inner cross-sectional area of the 
suction pipe 27 is decreased, and shock sound is pre- 
vented significantly, whereby noise can be reduced 
greatly. 

Therefore, by changing the inner cross-sectional 
area of the suction pipe 27. even when the velocity of 
sound in the refrigerant gas is changed due to a change 55 
in outside-air temperature, the time when the reflected 
wave reaches the suction hole 19a can always be 
aligned with the time when the volume inside the cylin- 
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der 10 becomes maximum (suction completion time). 
Therefore, in the hermetic-type compressor of embodi- 
ment 4, the pressure energy of the reflected wave can 
be added to the refrigerant gas at the suction comple- 
tion time, and the suction pressure of the refrigerant gas 
can be raised, whereby the discharge amount of refrig- 
erant per a compression stroke increases, and the cir- 
culation amount of refrigerant increases, and 
refrigeration capability is improved. 

In comparison with the time when outside-air tem- 
perature is high, during the time when outside-air tem- 
perature is low, and refrigeration capability is not 
required to be improved greatly, the inner cross-sec- 
tional area of the suction pipe 27 decreases, the 
improvement of the refrigerating capability decreases 
slightly. However, the inner cross-sectional area of the 
suction pipe 27 decreases as outside-air temperature 
lowers. Therefore, in the hermetic-type compressor of 
embodiment 4, noise generation can be prevented sig- 
nificantly. 

As described above, in the hermetic-type compres- 
sor of embodiment 4, the one end of the suction pipe 27 
is open in the space inside the enclosed container 2, 
and the other end is directly connected to the suction 
hole 19a of the valve plate 19, and the suction pipe 27 
is formed of a material having a high coeff icient of linear 
expansion. Therefore, even when outside-air tempera- 
ture changes, and the velocity of sound in the refriger- 
ant gas changes, by changing the inner cross-sectional 
area of the suction pipe 27 depending on a change in 
outside-air temperature, the time when the reflected 
wave reaches the suction hole 19a can always be 
aligned with the time when the volume inside the cylin- 
der 10 becomes maximum (suction completion time). 
Therefore, in the hermetic-type compressor of embodi- 
ment 4, the pressure energy of the reflected wave can 
be added to the refrigerant gas at the suction comple- 
tion time, and the suction pressure of the refrigerant gas 
can be raised. Therefore, in the hermetic-type compres- 
sor of embodiment 4 t the discharge amount of refriger- 
ant per a compression stroke increases, and the 
circulation amount of refrigerant increases, and refriger- 
ation capability is improved. 

When outside-air temperature is low and it is not 
necessary to greatly improve refrigeration capability in 
comparison with the time when outside-air temperature 
is high, the inner cross-sectional area of the suction 
pipe 27 decreases. Therefore, in the hermetic-type 
compressor of embodiment 4, the inner cross-sectional 
area of the suction pipe 27 can be decreased as out- 
side-air temperature is lowered, although the improve- 
ment of refrigeration capability is decreased slightly. 
Therefore, in the hermetic-type compressor of embodi- 
ment 4, noise can be reduced significantly. 

In embodiment 4. it is assumed that the tempera- 
ture of the refrigerant gas is changed by outside-air tem- 
perature, and the velocity of sound in the refrigerant gas 
is changed. However, the hermetic-type compressor of 
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embodiment 4 is useful even when the pressure or the 
like changes, provided that the velocity of sound in the 
refrigerant gas changes. 

In embodiment 4, in the mechanism for changing 
the inner cross-sectional area of the suction pipe 27, the 
suction pipe 27 is formed of a material having a high 
coefficient of linear expansion. However, if an adjust- 
ment mechanism for changing the inner cross-sectional 
area of the suction pipe 27 depending on a change in 
the velocity of sound in the refrigerant gas is used, it is 
needless to say that the same effect as that of embodi- 
ment 4 can be obtained. 

< (EMBODIMENT 5>> 

Next, embodiment 5, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 12 is an explanatory view showing the behav- 
ior of refrigerant gas in the hermetic-type compressor of 
embodiment 5 of the present invention. FIG. 13 is a ver- 
tical sectional view showing the hermetic-type compres- 
sor of embodiment 5. FIG. 14 is an explanatory view 
showing the relationship between the behavior of refrig- 
, erant gas and a crankshaft in the hermetic-type com- 
pressor of embodiment 5. In the hermetic-type 
compressor of embodiment 5, components having the 
same functions and configurations as those of the her- 
metic-type compressor of each of the above-mentioned 
embodiments are designated by the same marks, and 
their descriptions are omitted. 

In FIGs. 12 and 13, a suction hole 19a is formed in 
a valve plate 19 secured to the end surface of the cylin- 
der 10 of a mechanical portion 6, and one end of a suc- 
tion pipe 229 is directly connected to this suction hole 
19a. The other end of the suction pipe 229 is disposed 
in the space inside an enclosed container 2 as an open- 
ing end 229a. 

In FIG. 14, at the start of a suction stroke (at the 
time shown in (a) of FIG. 1 4), a crankshaft 12 is at a ref- 
erence position, and the suction hole 19a of the valve 
plate 19 is clogged. Therefore, the flow of refrigerant 
gas is stopped. 

Next, the crankshaft 1 2 rotates, a piston 1 1 moves 
to the right, and the volume inside the cylinder 10 
increases abruptly. As a result, a pressure difference 
generates between the space inside the cylinder 10 and 
the space inside the enclosed container 2, and a suction 
lead 20 begins to open (at the time of (b) in FIG. 14). 
The rotation position (hereinafter referred to as a crank 
angle) of the crankshaft 1 2 at this time is represented by 
0s (rad). 

The suction lead 20 opens, and refrigerant gas 
begins to flow rightward (toward the cylinder 10) in the 
suction pipe 229. At the same time, since the volume 
inside the cylinder 10 increases abruptly, a pressure 
wave Wa generates in the cylinder 10. The pressure 



wave Wa inside the cylinder 10 propagates via the suc- 
tion hole 19a, an opening, into the suction pipe 229 
toward the space inside the enclosed container 2 in the 
direction opposite to the flow of the refrigerant gas. 

5 The pressure wave Wa having reached the space 
inside the enclosed container 2 becomes an inverted 
reflected wave Wb in the space inside the enclosed con- 
tainer 2 wherein the refrigerant gas is in a stagnant con- 
dition. The reflected wave Wb propagates into the 

10 suction pipe 229 in the same direction as the that of the 
flow of the refrigerant gas (at the time of (c) in FIG. 1 4). 

Then, the reflected wave Wb propagates in the 
same direction as the flow of the refrigerant gas, and 
returns to the suction hole 19a of the valve plate 19 (at 

15 the time of (d) in FIG. 14). 

When it is assumed that the crank angle at the top 
dead center shown in (a) of FIG. 14 is 0 (rad), that the 
crank angle at the opening start ((b) in FIG. 14) of the 
suction lead 20 is 0s (rad), that the length of the suction 

20 pipe 229 is L (m), that the rotation number of the crank- 
shaft 12 is f (Hz), that the velocity of sound in the refrig- 
erant gas to be sucked into the suction pipe 229 is As 
(m/sec), and that the crank angle wherein the pressure 
wave generated at the suction hole 19a at the start of 

25 suction returns to the suction hole 19a as a reflected 
wave is Or (rad), the relationship among these is repre- 
sented by the following equation (equation 1). 

Or = Os + 4tc x L x f / As (Equation 1) 

30 

1 .4 (rad) < 8r < 3.0 (rad) (Equation 2) 

At this time, the length L and the like of the suction 
pipe 229 are adjusted so that the crank angle Or at the 
35 return of the pressure wave is within range of equation 

2. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 5 having the above-mentioned con- 
figuration is described below. 

40 The pressure wave Wa having generated just when 
the suction lead 20 opens at a suction stroke propa- 
gates in the direction opposite to the flow of the refriger- 
ant gas. Further, the wave becomes a reflected wave 
Wb having an inverse phase in the space inside the 

45 enclosed container 2, the wave propagates in the same 
direction as the flow of the refrigerant gas, and returns 
to the suction hole 19a. In addition, since the reflected 
wave Wb has a width, the leading end of the reflected 
wave returns to the suction hole 1 9a at the crank angle 

so Or represented by (equation 1). Furthermore, when the 
crank angle advances further after that, the trailing end 
of the reflected wave Wb returns to the suction hole 
19a, and the return of the reflected wave Wb having the 
width is completed. 

55 Next, the relationship between the crank angle at 
the return of the reflected wave Wb to the suction hole 
19a and the improvement effect of refrigeration capabil- 
ity is described betow by taking the length of the suction 
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pipe 229 as an example. 

When the length L of the suction pipe 229 is short, 
the crank angle 8r at the return of the reflected wave Wb 
becomes small as understood from (equation 1); that is, 
the reflected wave Wb returns at advanced timing of a i 
suction stroke. Therefore, the entire reflected wave Wb 
having the width can completely return to the suction 
hole 19a before the suction stroke is completed. In this 
case, after the return of the reflected wave Wb is com- 
pleted, the pressure at the suction hole 19a lowers, 
whereby the suction lead 20 may be closed or the refrig- 
erant gas may flow backward from the cylinder 1 0 to the 
suction pipe 229 even in the middle of the suction 
stroke. Therefore, the density of the refrigerant gas to 
be sucked into the cylinder 10 cannot be raised suffi- 
ciently, and the improvement effect of refrigerating 
capability is lowered. 

On the other hand, when the length L of the suction 
pipe 229 is long, the reflected wave Wb returns at 
delayed timing of the suction stroke, or the wave returns 
after the suction stroke is completed. Therefore, the 
suction stroke is completed before the entire reflected 
wave Wb having the width returns completely to the 
suction hole 19a, whereby the density of the refrigerant 
gas to be sucked into the cylinder 10 cannot be raised 
sufficiently, and the improvement effect of refrigerating 
capability is lowered. 

As described above, when the suction pipe 229 is 
too short or too long, the improvement effect of refriger- 
ation capability is lowered. There is an optimal value in 
the length of the suction pipe 229, which offers the max- 
imum improvement effect of refrigeration capability, that 
is. an optimal crank angle Or for the return of the 
reflected wave Wb. However, since the reflected wave 
Wb has a width, the crank angle for the return of the 
rellected wave, which offers a nearly maximum 
improvement effect of refrigeration capability, also has a 
width. In the case of a reciprocating hermetic-type com- 
pressor, when the crank angle er for the return of the 
reflected wave is within the range of (equation 2), a 
nearly maximum improvement effect of refrigeration 
capability can be obtained. 

When the refrigerant is HFC-134a, when the pres- 
sure of the refrigerant gas to be sucked is 0.085 (MPa), 
and when the temperature of the refrigerant gas is 80 
°C, for example, the velocity of sound As is 176.3 (m/s). 
And when it is assumed that the rotation number f of the 
crankshaft 12 is 58.5 (Hz), and that the crank angle 0s 
is 0.96 (rad) at the opening start of the suction lead 20, 
the length L of the suction pipe 229 should be set at 
0.10 to 0.48 (m) in order to satisfy (equation 2). 

In this way. in the hermetic-type compressor of 
embodiment 5 of the present invention, since the length 
and the like of the suction pipe 229 are adjusted so that 
the crank angle for the return of the reflected wave is 
optimal, the improvement effect of refrigeration capabil- 
ity can be obtained up to the maximum. 

As described above, the hermetic-type compressor 



of embodiment 5 of the present invention is configured 
so that the crank angle Or (rad) for the return of the pres- 
sure wave generated at the suction hole 1 9a at the start 
of suction, which is represented by (equation 1), is 
5 within the range of (equation 2), provided that the crank 
angle at the opening start of the suction lead 20 is Os 
(rad), that the length L of the suction pipe 229 is L (m), 
that the rotation number of the crankshaft 12 is f, and 
that the velocity of sound in the refrigerant gas to be 
10 sucked into the suction pipe 229 is As (m/sec). 

Therefore, in the hermetic-type compressor of 
embodiment 5, the crank angle for the return of the 
reflected wave Wb to the suction hole 19a becomes 
optimal, and the suction pressure is raised, whereby the 
15 maximum improvement effect of the refrigerating capa- 
bility can be obtained. 

In case the velocity of sound differs because of dif- 
ferences in the type of refrigerant, and the pressure and 
temperature of refrigerant gas to be sucked, the same 
20 effect as that of the above-mentioned embodiment 5 
can be obtained by adjusting the length of the suction 
pipe 229 so that the crank angle for the return of the 
reflected wave Wb satisfies (equation 2). In addition, 
even when the rotation frequency of the crankshaft 12 
25 differs, or the crank angle at the opening start of the 
suction lead 20 differs, the same effect as that of the 
above-mentioned embodiment 5 can be obtained by 
adjusting the length of the suction pipe 229 so that the 
crank angle for the return of the reflected wave Wb sat- 
30 isfies (equation 2). 

< (EMBODIMENT 6) > 

Next, embodiment 6, an example of the hermetic- 
35 type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 15 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodiment 
40 6 of the present invention. FIG. 16A is a sectional view 
showing an area near the opening of a suction pipe at 
low outside-air temperature in embodiment 6 of the 
present invention. FIG. 16B is a sectional view showing 
the area near the opening of the suction pipe at high 
45 outside-air temperature in embodiment 6 of the present 
invention. In the hermetic-type compressor of embodi- 
ment 6. components having the same functions and 
configurations as those of the hermetic-type compres- 
sor of each of the above-mentioned embodiments are 
50 designated by the same marks, and their descriptions 
are omitted. 

In FIGs. 15, 16A and 16B, a suction hole 19a is 
formed in a valve plate 19 secured to the end surface of 
the cylinder 10 of a mechanical portion 6. and one end 
55 of a suction pipe 239 is directly connected to the suction 
hole 1 9a. The other end of the suction pipe 239 is dis- 
posed in the space inside an enclosed container 2 as an 
opening end 239a. 
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As shown in FIGs. 16A and 16B, a reflection pre- 
vention plate 240 is provided near the opening end 
239a of the suction pipe 239 in the space inside the 
enclosed container 2. This reflection prevention plate 
240 is a bendable plate formed of a bimetal, a shape- 
memory alloy or the like. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 6 having the above-mentioned con- 
figuration is described below. 

Generally, at low outside-air temperature, no refrig- 
eration apparatus is required to have high refrigeration 
capability. However, if a more than necessary circulation 
amount of refrigerant is supplied by a hermetic-type 
compressor, suction pressure lowers, and discharge 
pressure rises, whereby the efficiency of an entire 
refrigeration system including the hermetic-type com- 
pressor is lowered, and as a result the overall electric 
power consumption increases. Therefore, if the circula- 
tion amount of refrigerant can be decreased at low out- 
side-air temperature, the overall electric power 
consumption can be decreased. 

In the hermetic-type compressor of embodiment 6, 
when outside-air temperature is low, the temperature at 
each portion is lowered as a whole, and the temperature 
of the reflection prevention plate 240 is also lowered. In 
that case, the reflection prevention plate 240 has a 
shape so as to face the opening end 239a of the suction 
pipe 239 in the space inside the enclosed container 2 as 
shown in FIG. 16A. In the condition shown in FIG. 16A, 
the pressure wave generated just when the suction lead 
20 opens propagates in the direction opposite to the 
flow of refrigerant gas, and reaches the opening end 
239a of the suction pipe 239. At this time, because of 
the presence of the reflection prevention plate 240, the 
reflection of the pressure wave at a complete free end 
cannot be performed. In addition, since a gap is present 
between the opening end 239a of the suction pipe 239 
and the reflection prevention plate 240, reflection at a 
stationary end cannot be performed either. 

Therefore, at low outside-air temperature, because 
of the reflection prevention plate 240, the pressure wave 
is not reflected by the opening end 239a of the suction 
pipe 239, whereby the improvement effect on the circu- 
lation amount of refrigerant cannot be obtained, and the 
electric power consumption of the hermetic-type com- 
pressor of embodiment 6 can be decreased. 

Furthermore, since the temperature of the reflec- 
tion prevention plate 24 becomes high at high outside- 
air temperature, the reflection prevention plate 24 
formed of a bimetal, a shape-memory alloy or the like is 
deformed as shown in FIG. 5, and does not face the 
opening portion of the suction pipe. Therefore, at high 
outside-air temperature at which high refrigeration 
capability is required, the pressure wave is reflected at 
the opening of the suction pipe 239 in a conventional 
way without being obstructed by the reflection preven- 
tion plate 24, and the improvement effect of refrigeration 
capability can be obtained. 



As described above, in the hermetic-type compres- 
sor of embodiment 6, the one end of the suction pipe 
239 is open in the space inside the enclosed container 
2, and the other end is directly connected to the suction 

5 hole 19a, the reflection prevention plate 24 formed of a 
bimetal, a shape-memory alloy or the like is provided so 
as to face the opening end 239a of the suction pipe 239. 

Therefore, in the hermetic-type compressor of 
embodiment 6, its electric power consumption is 

w decreased by not allowing the improvement effect of 
refrigeration capability to be obtained at low outside-air 
temperature at which no high refrigeration capability is 
required. On the other hand, at high outside-air temper- 
ature at which high refrigeration capability is required, 

75 the hermetic-type compressor of embodiment 6 is con- 
figured so as to obtain the improvement effect of refrig- 
eration capability in a conventional way. 

As described above, the overall electric power con- 
sumption can be decreased by controlling refrigeration 

20 capability. 

<< EMBODIMENT 7)) 

Next, embodiment 7, an example of the hermetic- 
25 type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 17 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodiment 

30 1 of the present invention. FIG. 18 is a plan sectional 
view showing the hermetic-type compressor of embodi- 
ment 7 of the present invention. In the hermetic-type 
compressor of embodiment 7, components having the 
same functions and configurations as those of the'her- 

35 metic-type compressor of each of the above-mentioned 
embodiments are designated by the same marks, and 
their descriptions are omitted. 

In FIGs. 17 and 18, a suction hole 19a is formed in 
the valve plate 1 9 secured to the end surface of the cyl- 

40 inder 10 of a mechanical portion 6, and one end of a 
suction pipe 23 is directly connected to this suction hole 
19a. The other end of the suction pipe 23 is disposed in 
the space inside an enclosed container 2. 

In FIGs. 17 and 18, the enclosed container 2 com- 

45 prises a lower shell 3 and an upper shell 4. Mark a in 
FIG. 18 represents the maximum distance in a direction 
perpendicular to the reciprocating direction of a piston 
11 inside the enclosed container 2, and mark b repre- 
sents the maximum distance in the reciprocating direc- 

so tion of the piston 1 1 inside the enclosed container 2. 
Mark c in FIG. 17 represents the maximum distance in 
the axial direction of a crankshaft 1 2 from the inner sur- 
face of the enclosed container 2 to the surface of lubri- 
cant 1 7. Corresponding to the lengths of these a, b and 

55 c, the refrigerant gas in the enclosed container 2 has 
natural resonance frequencies in the corresponding 
directions. In the hermetic-type compressor of embodi- 
ment 7, the distances a, b and c have been adjusted so 
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that those resonance frequencies are not close to inte- 
gral multiples of the rotation number of the crankshaft 
12. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 7 having the above-mentioned con- 5 
figuration is described below. 

The pressure wave generated just when a suction 
lead 20 opens during a suction stroke propagates in the 
direction opposite to the flow of refrigerant gas, 
becomes a reflected plate having an inverse phase in 10 
the space inside the enclosed container 2, and propa- 
gates in the same direction as the flow of the refrigerant 
gas, and then returns to the suction hole 19a. 

If the refrigerant gas in the enclosed container 2 
causes resonance, noise increases; in addition, when is 
the above-mentioned pressure wave is reflected at the 
opening end 23a of the suction pipe 23, loss occurs due 
to the resonance of the refrigerant gas in the enclosed 
container 2, that is, due to the influence of a standing 
wave. Therefore, the pressure amplitude of the reflected 20 
wave becomes small, and the rising ratio of suction 
pressure decreases, and the improvement effect of 
refrigeration capability decreases. 

The refrigerant gas in the enclosed container 2 
causes resonance when the resonance frequency in the 25 
enclosed container 2 is nearly equal to an integral mul- 
tiple of the operation frequency of the hermetic-type 
compressor, that is. a vibration frequency. 

Generally, in the resonance generated between 
walls facing opposite to each other, the following rela- 30 
tionship (equation 3) is established among the distance 
Lw between the two walls, resonance frequency fr and 
the velocity of sound Ac in a medium. 

Lw = Ac / (2fr) (Equation 3) 35 

When this relationship (equation 3) is applied to the 
hermetic-type compressor, Lw corresponds to the dis- 
tance between the inner surfaces of the enclosed con- 
tainer 2, fr corresponds to a resonance frequency 40 
capable of being generated between the opposed inner 
surfaces of the enclosed container 2, and Ac corre- 
sponds to the velocity of sound in the enclosed con- 
tainer 2. In other words, no resonance occurs when the 
lengths a, b and c in the above-mentioned directions 45. 
inside the enclosed container 2 are determined so that 
the resonance frequency of the enclosed container 2 is 
not close to an integral multiple of the operation fre- 
quency. In actual practice, however, since a slight dislo- 
cation from Lw calculated in (equation 3) occurs due to so 
the influence of the mechanical portion 6 (equation 3), a 
motor portion 7 and the like in the enclosed container 2, 
it is necessary to multiply a correction factor obtained in 
comparison with the result of acoustic experiments or 
numeric analysis; the correction value has been known ss 
as 0.977 on the basis of the acoustic experiments and 
numerical analysis conducted by the inventors. There- 
fore, no resonance occurs if the lengths a, b and c in the 



corresponding directions are determined in considera- 
tion of this correction value. In this way, since the refrig- 
erant gas in the enclosed container 2 does not cause 
resonance in the hermetic-type compressor of embodi- 
ment 7, generation of resonance sound is prevented, 
and the pressure amplitude is prevented from decreas- 
ing when the pressure wave is reflected at the opening 
end 23a of the suction pipe 23, whereby the suction 
pressure is raised at all times, and the improvement 
effect of refrigeration capability can be obtained. 

As described above, since the hermetic-type com- 
pressor of embodiment 7 is configured so that the reso- 
nance frequency of the refrigerant gas in the enclosed 
container 2 is not close to an integral multiple of the 
rotation number of the crankshaft 12, the refrigerant gas 
in the enclosed container 2 does not cause resonance. 
Therefore, the hermetic-type compressor of embodi- 
ment 7 prevents resonance sound from generating, and 
also prevents pressure amplitude from decreasing 
when the pressure wave is reflected at the opening end 
23a of the suction pipe 23, whereby suction pressure 
can be raised at all times, and the improvement effect of 
refrigeration capability can be obtained. 

< (EMBODIMENT 8)) 

Next, embodiment 8, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 19 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodiment 
8 of the present invention. FIG. 20 is a sectional view 
showing an area near the opening end of the suction 
pipe and the suction muffler of the hermetic-type com- 
pressor in accordance with embodiment 8 of the 
present invention. In the hermetic-type compressor of 
embodiment 8, components having the same functions 
and configurations as those of the hermetic-type com- 
pressor of each of the above-mentioned embodiments 
are designated by the same marks, and their descrip- 
tions are omitted. 

In FIGs. 19 and 20, a suction hole 19a is formed in 
a valve plate 19 secured to the end surface of the cylin- 
der 1 0 of a mechanical portion 6, and one end of the 
suction pipe 29 is directly connected to the suction hole 
1 9a. A suction muffler 28 is provided at the other end of 
the suction pipe 29. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 8 having the above-mentioned con- 
figuration is described below. 

The pressure wave generated just when a suction 
lead 20 opens at a suction stroke passes through the 
suction hole 19a of the valve plate 19. propagates in the 
direction opposite to the flow of refrigerant gas. and 
becomes a reflected wave having an inverse phase in 
the space inside the suction muffler 28. This reflected 
wave propagates in the same direction as the flow of the 
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refrigerant gas, and then returns to the suction hole 
19a. 

At this time, even when the refrigerant gas in the 
enclosed container 2 causes resonance, since the 
opening end 29a of the suction pipe 29 is inside the sue- s 
tion muffler 28, the pressure wave is not affected by the 
resonance of the refrigerant gas in the enclosed con- 
tainer 2 when the pressure wave is reflected at the 
opening end 29a of suction pipe 29. Therefore, the her- 
metic-type compressor of embodiment 8 prevents pres- w 
sure amplitude from attenuating when the pressure 
wave is reflected. No matter what the resonance fre- 
quency in the enclosed container 2 is changed by a 
change in the shape of the enclosed container 2, oper- 
ation conditions or the like, suction pressure can be is 
raised and the improvement effect of refrigeration capa- 
bility can be obtained in the hermetic-type compressor 
of embodiment 8. 

In addition, since the hermetic-type compressor of 
embodiment 8 has the suction muffler 28, the pulsation 20 
of refrigerant gas to be sucked is decreased, the force 
for vibrating the refrigerant gas in the enclosed con- 
tainer 2 is reduced, whereby in the hermetic-type com- 
pressor of embodiment 8 resonance sound can be 
diminished at all times regardless of the resonance fre- 25 
quency of the refrigerant gas in the enclosed container 
2. 

As described above, the hermetic-type compressor 
of embodiment 8 comprises the suction muffler 28 and 
the suction pipe 29, one end of which is open inside the 30 
. suction muffler 28 and the other end of which is directly 
connected to the suction hole 19a. Therefore, the her- 
metic-type compressor of embodiment 8 can reduce the 
force for vibrating the refrigerant gas in the enclosed 
container 2 by decreasing the pulsation of the refriger- 35 
ant gas to be sucked, and thus can diminish the reso- 
nance sound at all times regardless of the resonance 
frequency of the refrigerant gas in the enclosed con- 
tainer 2. 

In addition, the hermetic-type compressor of 40 
embodiment 8 always prevents the attenuation of the 
pressure amplitude when the pressure wave is reflected 
at the opening of the suction pipe 29 regardless of the 
resonance frequency of the refrigerant gas in the 
enclosed container 2. Therefore, the hermetic-type 45 
compressor of embodiment 8 can raise the suction 
pressure at all times and can obtain the improvement 
effect of refrigeration capability regardless of any 
change in the shape of the enclosed container 2, oper- 
ation conditions and the like. so 

< (EMBODIMENT 9)) 

Next, embodiment 9, an example of the hermetic- 
type compressor of the present invention, will be ss 
described below referring to the accompanying draw- 
ings. 

FIG. 21 is a vertical sectional view showing the her- 



metic-type compressor in accordance with embodiment 
9 of the present invention. FIG. 22 is a plan sectional 
view showing the hermetic-type compressor taken on 
line B-B of FIG. 22. In the hermetic-type compressor of 
embodiment 9 of the present invention, components 
having the same functions and configurations as those 
of the hermetic-type compressor of each of the above- 
mentioned embodiments are designated by the same 
marks, and their descriptions are omitted. 

In FIGs. 21 and 22, a suction hole 19a is formed in 
a valve plate 19 secured to the end surface of the cylin- 
der 10 of a mechanical portion 6, and one end of a suc- 
tion pipe 200 is directly connected to this suction hole 
19a. The other end of the suction pipe 200 is disposed 
in the space inside an enclosed container 2 as an open- 
ing end 200a. 

At least a part of the suction pipe 200 is formed of a 
material having low heat conductivity, such as teflon, 
PBT or the like. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 9 having the above-mentioned con- 
figuration is described below. 

The pressure wave generated in the cylinder 10 
passes through the suction hole 19a of the valve plate 
19, propagates in the direction opposite to the flow of 
refrigerant gas, and becomes a reflected wave having 
an inverse phase in the space inside the enclosed con- 
tainer 2. This reflected wave propagates in the same 
direction as the flow of the refrigerant gas, and then 
returns to the suction hole 16a. 

By allowing this reflected wave to reach the suction 
hole 19a during a suction stroke, the pressure energy of 
the reflected wave is added at suction completion time, 
and the suction pressure of refrigerant gas rises. 

Therefore, refrigerant gas having a higher density is 
charged into the cylinder 10. the discharge amount of 
refrigerant per a compression stroke increases. As a 
result, the circulation amount of refrigerant increases, 
and refrigeration capability can be improved signifi- 
cantly in the hermetic-type compressor of embodiment 
9. 

Since, in the hermetic-type compressor of embodi- 
ment 9, at least a part of the suction pipe 200 is formed 
of a material having low heat conductivity, such as 
teflon, PBT or the like, heat is prevented from being con- 
ducted to the suction pipe 200 even when the tempera- 
ture of a cylinder head 80 or the like rises significantly 
as the passage of time after the start of the hermetic- 
type compressor, whereby a change in temperature of 
the suction pipe 200 can be decreased. Therefore, in 
the hermetic-type compressor of embodiment 9, a 
change in the velocity of sound in the refrigerant gas in 
the suction pipe 200 can be decreased. As a result, the 
hermetic-type compressor of embodiment 9 can obtain 
an effect of highly raising the suction pressure by gener- 
ating a stable pressure wave, and can also obtain stable 
high refrigeration capability without being affected by 
the passage of time after start. 
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The hermetic-type compressor of embodiment 9 
can supply low-temperature refrigerant gas into the cyl- 
inder 10, and can increase the circulation amount of 
refrigerant. 

As described above, in the hermetic-type compres- 
sor of embodiment 9. the one end of the suction pipe 
200 is open in the space inside the enclosed container 
2, and the other end is directly connected to the suction 
hole 19a of the valve plate 19, and at least a part is 
formed of a material having low heat conductivity, such 
as teflon, PBT or the like. 

Therefore, even when the temperature of the cylin- 
der head 80 or the like rises significantly as the passage 
of time after the start of the hermetic-type compressor, 
heat is prevented from being conducted to the suction 
pipe 200, and a change in the temperature of the suc- 
tion pipe 200 is decreased. Consequently, the change in 
the velocity of sound in the refrigerant gas in the suction 
pipe 200 can be decreased. 

As a result, in the hermetic-type compressor of 
embodiment 9, the suction pressure can be raised by 
generating a stable pressure wave, whereby stable and 
high refrigeration capability can be obtained without 
being affected by the passage of time after start. 

In the hermetic-type compressor of embodiment 9, 
low-temperature refrigerant gas can be supplied to the 
cylinder 10, and the circulation amount of the refrigerant 
gas can be increased. 

In embodiment 9, the hermetic-type compressor is 
provided with the suction pipe formed of a material hav- 
ing low heat conductivity. However, the same effect of 
that of the above-mentioned embodiment 9 can be 
obtained by partially using a material having low heat 
conductivity at only an area near the cylinder or the like. 

< (EMBODIMENT 10) > 

Next, embodiment 10, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 23 is a vertical sectional view showing the her- 
metic-type compressor of embodiment 10 in accord- 
ance with the present invention. FIG. 24 is a plan 
sectional view showing the hermetic-type compressor 
taken on line C-C of FIG. 23. FIG. 25 is a characteristic 
graph showing a change in the rising ratio of suction 
pressure. FIG. 26 is a characteristic graph showing a 
change in the improvement ratio of refrigeration capabil- 
ity. FIG. 27 is a characteristic graph showing a change 
in the change ratio of noise. In the hermetic-type com- 
pressor of embodiment 10 of the present invention, 
components having the same functions and configura- 
tions as those of the hermetic-type compressor of each 
of the above-mentioned embodiments are designated 
by the same marks, and their descriptions are omitted. 

In FIGs. 23 and 24, a suction hole 19a is formed in 
a valve plate 1 9 secured to the end surface of the cylin- 



der 10 of a mechanical portion 6, and one end of a first 
suction pipe 210 is directly connected to this suction 
hole 19a. The other end of the first suction pipe 210 is 
disposed in the space inside an enclosed container 2 as 
5 an opening end 210a, and also disposed as a suction 
passage near the opening end 190a of a second suction 
pipe 190. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 10 having the above-mentioned con- 

w figuration is described below. 

The pressure wave generated in the cylinder 10 
passes through the suction hole 19a of the valve plate 
19, propagates in the direction opposite to the flow of 
refrigerant gas, and becomes a reflected wave having 

is an inverse phase in the space inside the enclosed con- 
tainer 2. This reflected wave propagates in the same 
direction as the flow of the refrigerant gas. and then 
returns to the suction hole 19a. 

This reflected wave reaches the suction hole 19a 

20 during a suction stroke, whereby the pressure energy of 
the reflected wave is added to the refrigerant gas at suc- 
tion completion time, and the suction pressure of the 
refrigerant gas is raised. 

Therefore, refrigerant gas having a higher density is 

25 charged into the cylinder 10, the discharge amount of 
refrigerant per a compression stroke increases, and the 
circulation amount of refrigerant increases. As a result, 
the hermetic-type compressor of embodiment 10 can 
have significantly improved refrigeration capability. 

30 In the hermetic-type compressor of embodiment 
10, the opening end 210a of the first suction pipe 210 is 
disposed near the opening end 190a of the second suc- 
tion pipe 1 90 in the enclosed container 2. Therefore, in 
the hermetic-type compressor of embodiment 10, low- 

35 temperature refrigerant gas having a high density can 
be sucked into the first suction pipe 210, and the veloc- 
ity of sound in the refrigerant gas is delayed. Therefore, 
the hermetic-type compressor of embodiment 10 is 
greatly affected by compressibility, and can generate a 

40 large compression wave. 

As a result, the hermetic-type compressor of 
embodiment 10 can increase the effect of raising the 
suction pressure. And, in the hermetic-type compressor 
of embodiment 10, by allowing low-temperature refriger- 

45 ant gas to be sucked into the cylinder 10, the improve- 
ment effect of refrigeration capability can be increased 
significantly, and efficient and high refrigeration capabil- 
ity can be obtained. 

In the hermetic-type compressor of embodiment 

so 10, because of the gap between the opening end 190a 
of the second suction pipe 190 and the opening end 
210a of the first suction pipe 210, the transfer of pres- 
sure pulsation from the second suction pipe 190 to the 
refrigeration cycle is decreased. Therefore, in the her- 

55 metic-type compressor of embodiment 1 0, noise can be 
reduced significantly. 

It is found that the distance between the opening 
end 210a of the first suction pipe 210 and the opening 
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end 190a of the second suction pipe 190 (the distance 
between the opening ends) is preferably in the range of 
3 mm to 50 mm in accordance with the experiments by 
the inventors so as to increase the effect of raising the 
suction pressure, to increase the effect of improving 
refrigeration capability, and to increase the effect of 
reducing noise. 

These results are shown in FIGs. 25, 26 and 27. 
FIG. 25 is a graph showing a suction pressure rising 
ratio (%) on the ordinate and showing the distance (mm) 
between the opening ends, that is, the gap between the 
opening end 190a of the second suction pipe 190 and 
the opening end 21 0a of the first suction pipe 210 on the 
abscissa. The suction pressure rising ratio in FIG. 25 
represents the ratio of the pressure of the reflected 
wave, which is obtained when the pressure wave is 
reflected in the space inside the enclosed container 2, 
to the pressure of the pressure wave generated in the 
cylinder 1 0. 

FIG. 26 is a graph showing a refrigeration capability 
improvement ratio (%) on the ordinate and the distance 
(mm) between the opening ends on the abscissa. The 
refrigeration capability improvement ratio in FIG. 26 is 
the ratio of measured refrigeration capability to the max- 
imum refrigeration capability. 

FIG. 27 shows a noise change ratio (%) on the ordi- 
nate and the distance (mm) between the opening ends 
on the abscissa. The noise change ratio in FIG. 27 
shows the ratio of change in noise pressure provided 
that the ratio is 100% when the distance between the 
openings is 0 mm. 

As described above, in the hermetic-type compres- 
sor of embodiment 10, the one end of the first suction 
pipe 210 is directly connected to the suction hole 19a of 
the valve piate 19, and the other end is disposed near 
the opening end 190a of the second suction pipe 190 in 
the enclosed container 2. Therefore, in the hermetic- 
type compressor of embodiment 10, since low-tempera- 
ture refrigerant gas having a high density can be sucked 
into the first suction pipe 210, the velocity of sound in 
the refrigerant gas can be lowered. Therefore, the her- 
metic-type compressor of embodiment 10 is greatly 
affected by compressibility, and can generate a large 
pressure wave. Therefore, in the hermetic-type com- 
pressor of embodiment 1 0, by increasing the effect of 
raising suction pressure, and by sucking low-tempera- 
ture refrigerant gas into the cylinder 10, the improve- 
ment effect of refrigeration capability can be increased 
significantly, and high refrigeration capability can be 
obtained. 

In the hermetic-type compressor of embodiment 
10, by forming the gap between the opening end 190a 
of the second suction pipe 190 and the opening end 
210a of the first suction pipe 210. the transfer of pres- 
sure pulsation from the second suction pipe 190 to the 
refrigeration cycle can be reduced. Therefore, in the 
hermetic-type compressor of embodiment 10, noise can 
be decreased significantly. 



It is needless to say that refrigerant gas can flow 
easier and that refrigeration capability can be improved 
by widening the opening end 210a of the suction pipe 
210 used as a first suction passage, and by disposing 
5 the opening end opposite to the opening end 190a of 
the second suction pipe 190 used as a second suction 
passage. 

< (EMBODIMENT 11 » 

10 

Next, embodiment 1 1, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

75 FIG. 28 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodiment 
1 1 of the present invention. FIG. 29 is a plan sectional 
view showing the hermetic-type compressor taken on 
line D-D of FIG. 28. FIG. 30 is a vertical sectional view 

20 showing the opening end of a first suction pipe of 
embodiment 1 1 . FIG. 31 is a view showing the opening 
surface of the opening end of the first suction pipe of 
embodiment 1 1 . 

In the hermetic-type compressor of embodiment 

25 11, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

30 In FIGs. 28 and 29, a suction hole 1 9a is formed in 
a valve plate 19 secured to the end surface of the cylin- 
der 10 of a mechanical portion 6, and one end of a f irst 
suction pipe 220 is directly connected to this suction 
hole 19a. The other end of the first suction pipe 220 is 

35 disposed in the space inside an enclosed container 2 as 
an opening end 220a. The opening end 190a of the sec- 
ond suction pipe 190 is disposed in the space inside the 
enclosed container 2. 

As shown in FIGs. 29 and 30, one end of the first 

40 suction pipe 220 is directly connected to the suction 
hole 19a of the valve plate 19, and the other end has a 
plurality of opening ends 220a, 220b being open in the 
space inside the enclosed container 2; the lengths from 
the suction hole 19a to the plural opening ends 220a, 

45 220b are different. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 1 1 having the above-mentioned con- 
figuration is described below. 

The pressure wave generated in the cylinder 10 

so passes through the suction hole 19a of the valve plate 
19, propagates in the direction opposite to the flow of 
refrigerant gas, and becomes a reflected wave having 
an inverse phase in the space inside the enclosed con- 
tainer 2. This reflected wave propagates in the same 

55 direction as the flow of the refrigerant gas. and reaches 
the suction hole 19a. 

This reflected wave reaches the suction hole 19a 
during a suction stroke, whereby the pressure energy of 
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the reflected wave is added to the refrigerant gas at suc- 
tion completion time, and the suction pressure is raised. 

Therefore, refrigerant gas having a higher density is 
charged into the cylinder 10, the discharge amount of 
refrigerant per a compression stroke increases, and the 
circulation amount of refrigerant increases. As a result, 
the hermetic-type compressor of embodiment 1 1 can 
have significantly improved refrigeration capability. 

At this time, the pressure wave generated in the 
suction hole 19a is reflected by the plural opening ends 
220a, 220b having different lengths from the suction 
hole 19a in succession, reaches the suction hole 19a, 
and is supplied into the cylinder 10. 

As a result, in the hermetic-type compressor of 
embodiment 11, the timing when the reflected wave 
reaches the suction hole 1 9a can be widened. 

Accordingly, in the hermetic-type compressor of 
embodiment 1 1 , the velocity of sound in refrigerant gas 
is changed by a change in operation conditions or the 
like; even if the reaching timing of one of the reflected 
waves is deviated, other reflected waves reach the suc- 
tion hole 1 9a in succession. Therefore, in the hermetic- 
type compressor of embodiment 11, refrigerant gas 
having high pressure can be supplied into the cylinder 
10 at ail times. 

Therefore, in the hermetic-type compressor of 
embodiment 1 1 , suction pressure can be raised at all 
times regardless of the change in operation conditions, 
and stable and high refrigeration capability can be 
obtained. 

As described above, in the hermetic-type compres- 
sor of embodiment 1 1 , the one end of the first suction 
pipe 220 is directly connected to the suction hole 19a of 
the valve plate 19, and the other end has the plural 
opening ends 220a, 220b being open in the space 
inside the enclosed container 2, and having different 
lengths from the suction hole 19a to the opening ends. 
Therefore, the pressure wave generated in the suction 
hole 19a is reflected by the plural opening ends 220a, 
220b having different lengths from the suction hole 19a 
to the opening ends in succession. 

As a result, in the hermetic-type compressor of 
embodiment 11, the timing when the reflected wave 
returns to the suction hole 19a can be widened. Accord- 
ingly, in the hermetic-type compressor of embodiment 
11, even if the timing when one of the reflected waves 
reaches the suction hole 19a is deviated because the 
velocity of sound in refrigerant gas is changed by a 
change in operation conditions or the like, other 
reflected waves reach the suction hole 19a one after 
another. Therefore, refrigerant gas having high pressure 
is supplied into the cylinder 1 0 at all times. Therefore, in 
the hermetic-type compressor of embodiment 11, the 
suction pressure can be raised at all times regardless of 
the change in operation conditions, and stable and high 
refrigeration capability can be obtained. 

In embodiment 1 1 , although the suction pipe 220 
having the opening ends 220a, 220b with different 



lengths is used as suction passages, the same effect as 
that of embodiment 1 1 can be obtained by using a plu- 
rality of suction pipes with different lengths. 

5 ({EMBODIMENT 12 >> 

Next, embodiment 12, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
io ings. 

FIG. 32 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodiment 
12 of the present invention. FIG. 33 is a plan sectional 
view showing the hermetic-type compressor taken on 

is line E-E of FIG. 32. FIG. 34 is a plan sectional view 
showing the main portion of a cylinder head portion at 
the time of start in embodiment 1 2. FIG. 35 is a plan ver- 
tical view showing the main portion of the cylinder head 
portion during stable operation in embodiment 12. 

20 In the hermetic-type compressor of embodiment 

12, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 

25 omitted. 

In FIGs. 32 and 33, a suction hole 19a is formed in 
a valve plate 19 secured to the end surface of the cylin- 
der 10 of a mechanical portion 6, and one end of a first 
suction pipe 230 is connected to this suction hole 19a 

30 via a communication pipe 240. The other end of the first 
suction pipe 230 is disposed in the space inside the 
enclosed container 2 as an opening end 230a. The 
opening end of a second suction pipe 190 is disposed in 
the inner space inside the enclosed container 2. 

35 As shown in FIGs. 33 and 34, the one end of the 
first suction pipe 230 is open in the space inside the 
enclosed container 2, and the other end is not directly 
connected to the suction hole 19a of the valve plate 19, 
but the pipe is cut ahead of a cylinder head 80. The first 

40 suction pipe 230 having been cut is disposed so that it 
can communicate with the opening hole 80a of the cyl- 
inder head via the communication pipe 240. 

As shown in FIGs. 34 and 35, a bellows 250 is pro- 
vided between the suction pipe 230 and the communi- 

45 cation pipe 240. In other words, one end of the bellows 
250 is secured to the first suction pipe 230, and the 
other end is secured to the communication pipe 240. In 
embodiment 12, a communication/shutoff mechanism 
comprises the communication pipe 240 and the bellows 

so 250. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 12 having the above-mentioned con- 
figuration is described below. 

The pressure wave generated in the cylinder 10 
55 passes through the suction hole 19a of the valve plate 
19, propagates in the direction opposite to the flow of 
refrigerant gas, and becomes a reflected wave having 
an inverse phase in the space inside the enclosed con- 
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tainer 2. This reflected wave propagates in the same 
direction as the flow of the refrigerant gas, and returns 
to the suction hole 19a. 

This reflected wave reaches the suction hole 19a 
during a suction stroke, whereby the pressure energy of 5 
the reflected wave is added to the refrigerant gas at suc- 
tion completion time, and the suction pressure is raised. 

Therefore, refrigerant gas having a higher density is 
charged into the cylinder 10, the discharge amount of 
refrigerant per a compression stroke increases, and the 10 
circulation amount of refrigerant increases. As a result, 
the hermetic-type compressor of embodiment 12 can 
have significantly improved refrigeration capability. 

However, since a pressure wave is also generated 
at start, start torque becomes large; it is thus necessary 75 
to improve the capability of the motor portion 7. 

Therefore, as shown in FIG. 34, when the pressure 
in the enclosed container 2 is high at start or the like, the 
bellows 250 is pressed and shrunk, and the communi- 
cation pipe 240 is separated away from the cylinder 20 
head 80. 

As a result, the first suction pipe 230 does not com- 
municate with the suction hole 19a, and no pressure 
wave is not generated. Consequently, although the 
improvement effect of refrigeration capability is lost, 25 
torque can be reduced significantly, and improper start 
can be prevented, whereby reliability can be improved. 

On the other hand, as shown in FIG. 35, when the 
pressure in the enclosed container 2 lowers after start, 
the bellows 250 is extended, and the communication 30 
pipe 240 is pressed against the cylinder head 80. 

As a result, the first suction pipe 230 communicates 
with the suction hole 1 9a, a pressure wave is generated, 
and an effect of raising suction pressure can be 
obtained. Therefore, the refrigeration capability of the 35 
hermetic-type compressor of embodiment 12 is raised. 

As described above, in the hermetic-type compres- 
sor of embodiment 12, the one end of the first suction 
pipe 230 is open in the space inside the enclosed con- 
tainer 2, the other end is directly connected to the suc- 
tion hole 19a of the valve plate 19, and the first suction 
pipe 230 is cut ahead of the cylinder head 80. And the 
communication pipe 240 is provided so that the first 
suction pipe 230 having been cut can communicate with 
the opening hole 80a of the cylinder head 80; the one 
end of the bellows 250 of the communication/shutoff 
mechanism is secured to the first suction pipe 230, and 
the other end is secured to the communication pipe 240. 

As a result, when the pressure in the enclosed con- 
tainer 2 is high at start or the like, the bellows 250 is 
pressed and shrunk, and the communication pipe 240 is 
separated away from the cylinder head 80. Therefore, 
the first suction pipe 230 does not communicate with the 
suction hole 19a, and no pressure wave is generated. 
Consequently, in the hermetic-type compressor of 
embodiment 12, when the pressure in the enclosed 
container 2 is high at start or the like, refrigeration capa- 
bility is not improved, and torque is reduced signifi- 



cantly, whereby improper start can be prevented and 
reliability can be improved. 

On the other hand, in the hermetic-type compres- 
sor of embodiment 12, when the pressure in the 
enclosed container 2 lowers after start, the bellows 250 
is extended, and the communication pipe 240 is 
pressed against the cylinder head 80. As a result, the 
first suction pipe 230 communicates with the suction 
hole 19a, a pressure wave generates, and an effect of 
raising suction pressure can be obtained, and the 
improvement of refrigeration capability can be obtained. 

Although the communication/shutoff mechanism is 
formed of the bellows 250 in embodiment 12, it is need- 
less to say that the same effect as that of embodiment 
12 can be obtained provided that a mechanism for not 
allowing the first suction pipe 230 to communication at 
start is used. 

In addition, although the communication/shutoff 
mechanism is used in embodiment 12, it is needless to 
say that the same effect as that of embodiment 12 can 
be obtained provided that a mechanism for not allowing 
the generation of a pressure wave at start is used. 

<< EMBODIMENT 13 )> 

Next, embodiment 1 3. an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 36 is a plan sectional view showing the her- 
metic-type compressor of embodiment 1 3 of the present 
invention when the compressor has a node of a reso- 
nance mode in a direction perpendicular to the recipro- 
cating direction on a horizontal plane including the 
reciprocating direction of its piston. FIG. 37 is a plan 
view showing the hermetic-type compressor of embodi- 
ment 13 when the compressor has a node of a reso- 
nance mode in the direction perpendicular to the 
reciprocating direction on the horizontal plane including 
the reciprocating direction of its piston. 

In the hermetic-type compressor of embodiment 
13, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 36 and 37, a suction hole 21 1a is formed in 
a valve plate 21 1 secured to the end surface of the cyl- 
inder 1 0 of a mechanical portion 6, and this suction hole 
21 1a is connected to one end of a first suction pipe 241 
(suction passage) via a suction chamber 251. The other 
end of the first suction pipe 241 is disposed in the space 
inside an enclosed container 2 as an opening end 241a. 

As described above, the one end of the first suction 
pipe 241 used as a suction passage is open inside the 
enclosed container 2, and the other end is connected to 
the suction hole 21 1a of the valve plate 21 1 via the suc- 
tion chamber 251 used as a space. The opening end 
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241a of the first suction pipe 241 inside the enclosed 
container 2 is disposed on at least one of the following 
three planes. 

(1) on a first plane (the plane indicated by straight 
line W in FIG. 36) (at the position showing the open- 
ing end 241a in FIG. 36) which is substantially 
orthogonal to a first line segment (the line segment 
indicated by arrow v in FIG. 36) at the center point 
of the above-mentioned first line segment (v) pass- 
ing through the center of gravity (the position of the 
center of gravity at the horizontal cross-section) of a 
plane (the horizontal plane indicated by straight line 
H in FIG. 37) having a substantially maximum 
cross-sectional area on the horizontal cross-section 
(the cross-section in parallel with the paper surface 
of FIG. 36) of the above-mentioned enclosed con- 
tainer 2, the first line segment (v) being at a position 
wherein the distance between the inner walls of the 
above-mentioned enclosed container 2 is minimum 
(on the horizontal plane indicated by straight line H 
in FIG. 37), or 

(2) on a second plane (the vertical plane indicated 
by straight line V in FIG. 36) which, on the horizon- 
tal plane (H) including the above-mentioned first 
line segment (v). passes through the center point of 
a second line segment (the line segment indicated 
by arrow w in FIG. 36) between the inner wall sur- 
faces of the above-mentioned enclosed container 
2, the second line segment being substantially 
orthogonal to the above-mentioned first line seg- 
ment (v), and which is substantially orthogonal to 
the above-mentioned second line segment (w). or 

(3) on a third plane (the horizontal plane indicated 
by straight line Y in FIG. 37) which passes through 
the center point of a third line segment (the line seg- 
ment indicated by arrow x in FIG. 37) having the 
maximum distance between the upper inner wall 
surface of the above-mentioned enclosed container 
2 and the surface of the above-mentioned lubricant 
17 in the vertical direction, and which is substan- 
tially orthogonal to the above-mentioned third line 
segment (x). 

The opening end 241a of the f irst suction pipe 241 
is disposed on at least one of the above three planes. 

In the hermetic-type compressor shown in FIGs. 36 
and 37, the opening end 241a of the first suction pipe 
241 is disposed on the first plane (W). 

As shown in FIGs. 36 and 37, the opening end 260a 
of a second suction pipe 260 is disposed near the open- 
ing end 241a of the first suction pipe 241 . This second 
suction pipe 260 is configured to suck refrigerant gas 
from a refrigeration system, which is disposed in an out- 
side of the enclosed container 2. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 1 3 having the above-mentioned con- 
figuration is described below. 



Refrigerant gas circulated from a refrigeration sys- 
tem such as a refrigeration apparatus passes through 
the second suction pipe 260, and is relieved once in the 
space inside the enclosed container 2. The refrigerant 
5 gas relieved once is sucked into the cylinder 10 via the 
first suction pipe 241 and the suction chamber 251, and 
compressed by a piston 1 1 . At this time, the refrigerant 
gas is sucked into the cylinder 10 by one half rotation of 
a crankshaft 12, and compressed by the other half rota- 
70 tion. Thus, since the refrigerant gas is not sucked con- 
tinuously into the cylinder 10, the pressure pulsation 
the refrigerant gas occurs in the first suction pipe 24 1 
Therefore, the pressure pulsation vibrates the space 
inside the enclosed container 2, and resonance modes 
75 are generated in the reciprocating direction of the piston 
11, in the direction perpendicular to the reciprocating 
direction on the horizontal plane including the recipro- 
cating direction of the piston 1 1 , and in the axial direc- 
tion of the crankshaft 12. 
20 However, in the hermetic-type compressor of 
embodiment 13, the opening end 241a of the first suc- 
tion pipe 241 in the space inside the enclosed container 
2 is disposed on a plane passing through the center 
point of the line segment (v) indicated by distance a in 
25 FIG. 36 and perpendicular to the line segment (v). In 
other words, in the hermetic-type compressor of 
embodiment 13, the plane has a node of the resonance 
mode generated in the direction perpendicular to the 
reciprocating direction on the horizontal plane including 
30 the reciprocating direction of the piston 11. Therefore, 
the pressure pulsation component for causing the reso- 
nance mode is positioned at the node of the resonance 
mode. Consequently, vibration occurs at the node of the 
resonance mode, whereby no resonance mode is 
35 caused, and the generation of resonance sound can be 
prevv t led. 

Furthermore, in the hermetic-type compressor of 
embodiment 13, by providing the opening end 260a of 
the second suction pipe 260 inside the enclosed con- 

40 tainer 2 near the opening end 241a of the first suction 
pipe 241 inside the enclosed container 2, the refrigerant 
gas to be sucked into the first suction pipe 241 can be 
prevented from being heated by the refrigerant gas 
inside the enclosed container 2. Therefore, refrigerant 

45 gas having a higher density is charged into the cylinder 
10, the discharge amount of refrigerant per a compres- 
sion stroke increases, and the circulation amount of 
refrigerant increases, whereby refrigeration capability 
can be improved. 

so As described above, the hermetic-type compressor 
of embodiment 13 has the mechanical portion 6 includ- 
ing the crankshaft 1 2, the piston 1 1 , the cylinder 1 0 and 
the like, the motor portion 7, the enclosed container 2 
for storing lubricant 1 7 at its bottom, the valve plate 21 1 

55 having the suction hole 21 1a and disposed at the end 
surface of the cylinder 1 0. the first suction pipe 241 , and 
the second suction pipe 260. The one end of the first 
suction pipe 241 is connected to the suction hole 21 1a 
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of the valve plate 211 via the space inside the suction 
chamber 251 , and the other end, that is, the opening 
end 241a is disposed at a desired position in the 
enclosed container 2. In other words, the opening end 
241a is disposed: 

(1) on the plane (W) which passes through the 
center point of the first line segment (v: distance a) 
and is nearly perpendicular to the first line segment 
which passes through the center of gravity of the 
plane having a nearly maximum cross-sectional 
area on the horizontal cross-section of the enclosed 
container 2 and is at the position wherein the dis- 
tance between the inner walls of the enclosed con- 
tainer 2 is minimum, or 

(2) on the plane (V) which passes through the 
center point of a second line segment (w: distance 
b) between the inner wall surfaces of the enclosed 
container 2, and is nearly perpendicular to the sec- 
ond line segment (w), the second line segment 
being nearly perpendicular to the horizontal plane 
including the first line segment v which passes 
through the center of gravity of the horizontal cross- 
section and is at the position wherein the distance 
is minimum, or 

(3) on the plane (Y) which passes through the 
center pbint of the third line segment (x: distance c) 
having the maximum distance between the upper 
inner wall surface of the enclosed container 2 and 
the surface of the lubricant 1 7 in the vertical direc- 
tion, and which is nearly perpendicular to the third 
line segment (x). 

The opening end 241a is disposed on at least one 
of the three planes as a suction port of the suction pas- 
sage in the enclosed container. 

In addition, the one end of the second inflow pipe 
260 is extended outside the enclosed container 2, and 
the other end is disposed in the enclosed container 2 as 
the opening end 260a; and this opening end 260a is 
provided near the opening end 241a of the first suction 
pipe 241 used as a suction passage. 

Therefore, the hermetic-type compressor of 
embodiment 13 can prevent resonance from generating 
in the enclosed container 2, and can also prevent noise 
increase due to the generation of resonance sound. 
Consequently, the hermetic-type compressor of embod- 
iment 13 can raise the density of refrigerant gas, and 
can improve refrigeration capability. 

In embodiment 13, the opening end 241 a of the first 
suction pipe 241 used as a suction passage in the 
space inside the enclosed container 2 is described as 
the node of the resonance mode in the direction per- 
pendicular to the reciprocating direction on the horizon- 
tal plane including the reciprocating direction of the 
piston 1 1 . However, the same effect as that of embodi- 
ment 1 3 can be obtained provided that the opening end 
241a of the suction pipe 241 in the space inside the 



enclosed container 2 is disposed at the node of the res- 
onance mode wherein the opening end of the suction 
passage 2 in the space inside the enclosed container 2 
relates to the problem of the node of the resonance 
5 mode, such as the node of the resonance mode in the 
reciprocating direction of the piston 11, or the node of 
the resonance mode in the axial direction of the crank- 
shaft 12. 

In embodiment 13, the suction passages were 

10 described as the suction pipe 241 and the suction 
chamber 251 used as a space. However, the same 
effect as that of embodiment 13 can be obtained in case 
a muffler or the like is provided as a suction passage 
having a space. 

15 The hermetic-type compressor of embodiment 13 
has been described on the assumption that the number 
of the cylinder 10 is one. However, the present invention 
can be applied to a hermetic-type compressor having a 
plurality of cylinders. 

20 Even when the number of suction passages is two 
or more in the hermetic-type compressor of the present 
invention, the same effect as that of embodiment 13 can 
be obtained by disposing the opening end of each suc- 
tion passage inside the enclosed container 2 at the 

25 position of the node of the resonance mode described 
in the above-mentioned embodiment 13. 

< (EMBODIMENT 14 >) 

30 Next, embodiment 1 4, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 38 is a vertical sectional view showing the her- 
35 metic-type compressor in accordance with embodiment 
14 of the present invention when the compressor has a 
node of a resonance mode in a direction perpendicular 
to the reciprocating direction on a horizontal plane 
including the reciprocating direction of the piston 11. 
40 FIG. 39 is a plan sectional view showing the hermetic- 
type compressor of embodiment 14 when the compres- 
sor has a node of a resonance mode in the direction 
perpendicular to the reciprocating direction on the hori- 
zontal plane including the reciprocating direction of its 
45 piston. 

In the hermetic-type compressor of embodiment 
14, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 
50 nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 38 and 39, a suction hole 21 1 a is formed in 
a valve plate 21 1 secured to the end surface of the cyl- 
inder 10 of a mechanical portion 6, and this suction hole 
55 21 1a is directly connected to one end of a first suction 
pipe 271 (suction passage). The other end of the first 
suction pipe 271 is disposed as an opening end 271a at 
a predetermined position in the space inside an 



35 



BNSOOCID: <EP 0845595A1_I_> 



69 

enclosed container 2. 

The opening end 271a of the first suction pipe 271 
used as a suction passage inside the enclosed con- 
tainer 2 is configured so as to be disposed on at least 
one of the following three planes. s 

(1) on a first plane (the plane indicated by straight 
line W in FIG. 39) (at the position showing the open- 
ing end 271a in FIG. 39) which is substantially 
orthogonal to a first line segment (the line segment 10 
indicated by arrow v in FIG. 39) at the center point 

of the above-mentioned first line segment (v) pass- 
ing through the center of gravity (the position of the 
center of gravity at the horizontal cross-section) of a 
plane (the horizontal plane indicated by straight line 15 
H in FIG. 38) having a substantially maximum 
cross-sectional area on the horizontal cross-section 
(the cross-section in parallel with the paper surface 
of FIG. 37) of the above-mentioned enclosed con- 
tainer 2, the first line segment (v) being at a position 20 
wherein the distance between the inner walls of the 
above-mentioned enclosed container 2 is minimum 
(on the horizontal plane indicated by straight line H 
in FIG. 38), or 

(2) on a second plane (the vertical plane indicated 25 
by straight line V in FIG. 39) which, on the horizon- 
tal plane (H) including the above-mentioned first 
line segment (v), passes through the center point of 

a second line segment (the line segment indicated 
by arrow w in FIG. 39) between the inner wall sur- 30 
faces of the above-mentioned enclosed container 
2, the second line segment being substantially 
orthogonal to the above-mentioned first line seg- 
ment (v), and which is substantially orthogonal to 
the above-mentioned second line segment (w), or 35 

(3) on a third plane (the horizontal plane indicated 
by straight line Y in FIG. 38) which passes through 
the center point of a third line segment (the line seg- 
ment indicated by arrow x in FIG. 38) having the 
maximum distance between the upper inner wall 40 
surface of the above-mentioned enclosed container 

2 and the surface of the above-mentioned lubricant 
17 in the vertical direction, and which is substan- 
tially orthogonal to the above-mentioned third line 
segment (x). 45 

The opening end 271a of the first suction pipe 271 
is disposed on at least one of the above three planes. 

In the hermetic-type compressor of embodiment 14 
shown in FIGs. 38 and 39, the opening end 271a of the so 
first suction pipe 271 is disposed on the first plane (W). 

As shown in FIGs. 38 and 39. the opening end 281a 
of a second suction pipe 281 is disposed near the open- 
ing end 271a of the first suction pipe 271 . This second 
suction pipe 281 is extended outside the enclosed con- 55 
tainer2. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 14 having the above-mentioned con- 
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figuration is described below. 

The pressure wave generated near the valve plate 
211 propagates in the direction opposite to the flow of 
refrigerant gas, and becomes a reflected wave having 
an inverse phase in the space inside the enclosed con- 
tainer 2. This reflected wave propagates in the same 
direction as the flow of the refrigerant gas, and returns 
to the suction hole 21 1a. 

By aligning the time when this reflected wave 
reaches the suction hole 211a with the time when the 
volume inside the cylinder 10 becomes maximum (suc- 
tion completion time), the pressure energy of the 
reflected wave is added to the refrigerant gas at the suc- 
tion completion time, and the suction pressure of the 
refrigerant gas rises. 

Therefore, refrigerant gas having a higher density is 
charged into the cylinder 10, the discharge amount of 
refrigerant per a compression stroke increases, and the 
circulation amount of refrigerant increases. Conse- 
quently, the hermetic-type compressor of embodiment 
14 has significantly improved refrigeration capability. 

Refrigerant gas in the second suction pipe 281 , cir- 
culated from a system such as a refrigeration appara- 
tus, is relieved once in the space inside the enclosed 
container 2 and sucked into the cylinder 10 via the suc- 
tion pipe 271 secured to the valve plate 21 1 , and is com- 
pressed by the piston 1 1 . At this time, the refrigerant 
gas is sucked into the cylinder 10 by one half rotation of 
a crankshaft 12, and compressed by the other half rota- 
tion. 

In this way, since the refrigerant gas is not sucked 
continuously into the cylinder 10, the pressure pulsation 
of the refrigerant gas occurs in the first suction pipe 271 . 
Therefore, the pressure pulsation vibrates the space 
inside the enclosed container 2, and resonance modes 
are generated in the reciprocating direction of the piston 
11, in the direction perpendicular to the reciprocating 
direction on the horizontal plane including the recipro- 
cating direction of the piston 1 1 , and in the axial direc- 
tion of the crankshaft 12. 

However, as described above, the opening end 
271a of the first suction pipe 271 in the space inside the 
enclosed container 2 is disposed on a plane (W) pass- 
ing through the center point of a line indicated by dis- 
tance a (FIG. 39) and orthogonal to the line; in other 
words, on the plane including the position of a node of 
the resonance mode in the direction perpendicular to 
the reciprocating direction on the horizontal plane 
including the reciprocating direction of the piston 1 1 . 
Therefore, the pressure pulsation component for caus- 
ing the resonance mode is concentrated on the node of 
the resonance mode. 

Consequently, in the hermetic-type compressor of 
embodiment 14. the pressure pulsation vibrates the 
node of the resonance mode. Therefore, in this her- 
metic-type compressor, no resonance mode is caused, 
the generation of resonance sound can be prevented, 
and noise generation in the hermetic-type compressor 
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due to resonance sound is prevented. 

Furthermore, in the hermetic-type compressor of 
embodiment 14, the opening end 281a of the second 
suction pipe 281 inside the enclosed container 2 is pro- 
vided near the opening end 271 a of the first suction pipe 5 
271 inside the enclosed container 2. Therefore, the 
refrigerant gas to be sucked into the first suction pipe 
271 can be prevented from being heated by the refriger- 
ant gas inside the enclosed container 2. Thus, in the 
hermetic-type compressor of embodiment 1 4, since the 10 
velocity of sound in refrigerant gas reduces, compres- 
sion capability becomes high, a large pressure wave is 
generated, and the suction pressure of the refrigerant 
gas rises significantly. 

Since the hermetic-type compressor of embodi- is 
ment 14 is configured as described above, refrigerant 
gas having a higher density is charged into the cylinder 
10, and the discharge amount of refrigerant per a com- 
pression stroke increases. Therefore, in the hermetic- 
type compressor of embodiment 14, the circulation 20 
amount of refrigerant increases, and refrigeration capa- 
bility can be improved significantly. 

In embodiment 1 4, the opening end 271 a of the first 
suction pipe 271 used as a suction passage is disposed 
at the node of the resonance mode in the direction per- 25 
pendicular to the reciprocating direction on the horizon- 
tal plane including the reciprocating direction of the 
piston 11. However, the opening end 271a of the first 
suction pipe 271 may be disposed at the position of the 
node of the resonance mode wherein the opening end 30 
of the suction passage in the space inside the enclosed 
container 2 relates to the problem of the node of the res- 
onance mode, such as the node of the resonance mode 
in the reciprocating direction of the piston 1 1 , or the 
node of the resonance mode in the axial direction of the 35 
crankshaft 12. 

Embodiment 14 of the present invention is applica- 
ble regardless of the number of the cylinders 10. Fur- 
thermore, even when the number of suction passages is 
two or more, the same effect as that of embodiment 14 40 
can be obtained by disposing the opening end of each 
suction passage inside the enclosed container 2 at the 
above-mentioned position of the node of the resonance 
mode. 

Even when the first suction pipe 271 used as a sue- 45 
tion passage is configured to be connected to the suc- 
tion hole 21 1a of the valve plate 21 1 via a small space 
(a space having substantially the same sectional 
shape), nearly the same effect as that of the above- 
mentioned embodiment 14 can be obtained. so 

As described above, embodiment 14 can prevent 
resonance from generating in the enclosed container, 
and can also prevent noise due to resonance sound 
from increasing in the hermetic-type compressor. And 
the hermetic-type compressor of embodiment 14 can 55 
obtain advantageous effects of raising the density of 
refrigerant gas and improving refrigeration capability. 

According to embodiment 14, the opening end of 



the suction passage to the enclosed container becomes 
the node of the resonance mode, the generation of 
shock sound due to a pressure wave in the suction pas- 
sage is reduced significantly, and noise increase in the 
hermetic-type compressor can be prevented. Therefore, 
the hermetic-type compressor of embodiment 14 can 
obtain advantageous effects of raising the density of 
refrigerant gas and greatly improving refrigeration capa- 
bility. 

((EMBODIMENT 15)) 

Next, embodiment 15, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 40 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodiment 
15 of the present invention. FIG. 41 is a front sectional 
view showing the hermetic-type compressor taken on 
line B-B of FIG. 40. FIG. 42 is a vertical sectional view 
showing the hermetic-type compressor in accordance 
with embodiment 15 having a suction passage of 
another shape. FIG. 43 is a front sectional view showing 
the hermetic-type compressor taken on line C-C of FIG. 
42. 

In the hermetic-type compressor of embodiment 
15, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 40 and 41 , a suction hole 1 91 a is formed in 
a valve plate 191 secured to the end surface of the cyl- 
inder 1 0 of a mechanical portion 6, and this suction hole 
191a is directly connected to one end of a first suction 
pipe 201 (suction passage). The other end of the first 
suction pipe 201 is disposed as an opening end 201a at 
a predetermined position in the space inside an 
enclosed container 2. The first suction pipe 201 (suction 
passage) has bent portions 201 b having a nearly uni- 
form curvature. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 15 having the above-mentioned con- 
figuration is described below. 

The pressure wave generated during a suction 
stroke near the suction hole 191a of the valve plate 191 
propagates in the direction opposite to the flow of refrig- 
erant gas, becomes a reflected wave having an inverse 
phase in the space inside the enclosed container 2, 
propagates in the same direction as that of the flow of 
the refrigerant gas, and returns to the suction hole 
191a. 

This reflected wave reaches the suction hole 191a 
during the suction stroke, whereby the pressure energy 
of the reflected wave is added to refrigerant gas at suc- 
tion completion time, and the suction pressure of the 
refrigerant gas is raised. 
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Therefore, in the hermetic-type compressor of 
embodiment 15. refrigerant gas having a higher density 
is charged into the cylinder 10, the discharge amount of 
refrigerant per a compression stroke increases, and the 
circulation amount of refrigerant increases, whereby 
refrigeration capability can be improved. 

In addition, in the hermetic-type compressor of 
embodiment 15, by making the curvature of each bent 
portion 201 b of the first suction pipe 201 nearly uniform, 
the amplitude of the pressure wave at the bent portions 
can be prevented from decreasing, the reflected wave 
having high pressure can be returned into the cylinder 
10, whereby higher refrigeration capability can be 
obtained. 

In addition, in the hermetic-type compressor of 
embodiment 1 5, the first suction pipe can be made com- 
pact, whereby the enclosed container 2 can be made 
smaller. 

As described above, the hermetic-type compressor 
of embodiment 1 5 comprises the valve plate 1 91 having 
the suction hole 191a and disposed at the end surface 
of the cylinder 10, and the first suction pipe 201, one 
end of which is open in the space inside the enclosed 
container 2 and the other end of which is nearly directly 
connected to the suction hole 191a of the valve plate 
191, having the bent portions 201b with a nearly uni- 
form curvature. Therefore, in the hermetic-type com- 
pressor of embodiment 15, the attenuation of the 
pressure amplitudes of the pressure wave and the 
reflected wave can be reduced. Therefore, in the her- 
metic-type compressor of embodiment 15, suction pres- 
sure can be raised, and high refrigeration capability can 
be obtained. 

In the hermetic-type compressor of embodiment 
15, by forming the first suction pipe used as a suction 
passage in the shape of a spiral suction pipe 212 as 
shown in FIGs. 42 and 43, the curvature of the bent por- 
tions 212b can be made larger. Therefore, in the her- 
metic-type compressor of embodiment 15, the 
attenuation of the pressure in the first suction pipe 212 
can be reduced further. 

In embodiment 15, the first suction pipe 201 , 212 is 
nearly directly connected to the suction pipe 1 91a of the 
valve plate 191. However, even when the first suction 
pipe 201, 212 is connected to the suction hole 191a of 
the valve plate 191 via a passage space having sub- 
stantially the same cross-sectional area, the same 
effect of that of the above-mentioned embodiment 15 
can be obtained. 

In the hermetic-type compressor of embodiment 
15, the suction passage is formed of the pipe-shaped 
first suction pipe 201, 212. However, even when the 
suction passage is formed of a block-shaped compo- 
nent having a suction passage for example instead of 
the suction pipe, the same effect as that of the above- 
mentioned embodiment 15 can be obtained. 



< (EMBODIMENT 16) > 

Next, embodiment 16, f sample c* the hermetic- 
type compressor of the h Tit invention, will be 
5 described below referring tc e accompanying draw- 
ings. 

FIG. 44 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodime- 
16 of the present invention. FIG. 45 is a front sectic 
io view showing the hermetic-type compressor taken o. 
line D-D of FIG. 44. 

In the hermetic-type compressor of embodiment 
16, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
is each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 44 and 45, a suction hole 192a is formed in 
a valve plate 192 secured to the end surface of th« 

20 inder 10 of a mechanical portion 6, and this sucti: 
1 92a is directly connected to one end of a first 
pipe 221 (suction passage). The other end of 
suction pipe 221 is disposed as an opening end 22 a at 
a predetermined position in the space inside an 

25 enclosed container 2. As shown in FIG. 45, the first suc- 
tion pipe 221 (suction passage) is bent a plurality of 
times so that the portions of the suction passage come 
close to each other. 

Next, the operation of the hermetic-type compres- 

30 sor of embodiment 16 having the above-mentioned con- 
figuration is described below. 

The pressure wave generated during a sun - 
stroke near the suction hole 192a of the valve plate 
propagates in the direction opposite to the flow of re 

35 erarrt gas, becomes a reflected wave having an inv^oe 
phase in the space inside the enclosed contains 2, 
propagates in the same direction as the flow of The 
refrigerant gas, and returns to the suction hole 192a. 
This reflected wave reaches the suction hole 192a 

40 during the suction stroke, whereby the pressure energy 
of the reflected wave is added to refrigerant gas at suc- 
tion completion time, and the suction pressure of the 
refrigerant gas is raised. 

Therefore, in the hermetic-type compressor of 

45 embodiment 16, refrigerant gas having a higher density 
is charged into the cylinder 10, the discharge anK 
refrigerant per a compression stroke increase i 
circulation amount of refrigerant increases - r^nx.* 
refrigeration capability can be improved. 

so In the hermetic-type compressor of embod-meac 
16, th rst suction pipe 221 is bent a plurality of times 
so trV> :he portions of the suction pipe 221, through 
which tow-temperature suction gas flows, are disposed 
closely. Therefore, the hermetic-type compressor of 

55 embodiment 16 is less affected by the refrigerant gas in 
the enclosed container 2, which is heated to high tem- 
perature by the effect of compression heat, motor heat, 
sliding heat and the like in the enclosed container 2. 
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As a result, in the hermetic-type compressor of 
embodiment 16, the high-temperature refrigerant gas in 
the enclosed container 2 is prevented from transferring 
to the first suction pipe 221 , and the temperature rise of 
the suction gas in the first suction pipe 221 can be 
decreased. Consequently, in the hermetic-type com- 
pressor of embodiment 1 6, the density of the suction 
gas can be raised, and the circulation amount of refrig- 
erant can be increased. 

In the hermetic-type compressor of embodiment 
16, the temperature (suction gas temperature) of refrig- 
erant gas to be sucked is low, and refrigerant gas having 
a high density is sucked into the suction pipe 221. 
Therefore, since the velocity of sound in the suction gas 
is lowered, the effect of the compressibility of the refrig- 
erant gas is enhanced, a large pressure wave gener- 
ates, and high refrigeration capability can be obtained. 

In addition, in the hermetic-type compressor of 
embodiment 16, the first suction pipe 221 can be made 
compact, and the enclosed container can be made 
smaller. 

As described above, the hermetic-type compressor 
of embodiment 16 comprises the valve plate 191 having 
the suction hole 191a and disposed at the end surface 
of the cylinder 10, and the first suction pipe 221, one 
end of which is open in the space inside the enclosed 
container 2 and the other end of which is nearly directly 
connected to the suction hole 191a of the valve plate 
191 , bent a plurality of times so that the portions of the 
suction passage come close to each other. Therefore, in 
the hermetic-type compressor of embodiment 16, the 
amount of heat received from the high-temperature 
refrigerant gas in the enclosed container 1 by the first 
suction pipe 221 is lessened, the temperature rise of the 
first suction pipe 221 is reduced, and the temperature 
rise of the suction gas in the first suction pipe 221 is 
reduced. As a result, the hermetic-type compressor of 
embodiment 16 can obtain a large circulation amount of 
refrigerant. 

In addition, in the hermetic-type compressor of 
embodiment 16, since the temperature of the suction 
gas is low, and refrigerant gas having a high density is 
sucked into the suction pipe 221 , the velocity of sound in 
the refrigerant gas to be sucked is lowered. Therefore, 
the influence of the compressibility of the refrigerant gas- 
is enhanced, a large pressure wave generates, and the 
improvement effect of high refrigeration capability can 
be obtained. 

In embodiment 16, the first suction pipe 221 is bent 
a plurality of times so that the portions of the suction 
passage can come close to each other, and so that the 
first suction pipe 221 can receive less amount of heat 
from the high-temperature refrigerant gas in the 
enclosed container; however, the same effect as that of 
the hermetic-type compressor of the above-mentioned 
embodiment 16 can be obtained by using a block- 
shaped component having portions of a suction pas- 
sage disposed dose to each other for example. 



In embodiment 16, the portions of the first suction 
pipe 221 are disposed close to each other. However, by 
contacting the portions of the first suction pipe 221 
tightly close to each other, the area for heat exchange 

5 between the first suction pipe 221 and the high-temper- 
ature refrigerant gas in the enclosed container may be 
reduced. With this configuration, in the hermetic-type 
compressor of the present invention, the heat receiving 
amount at the first suction pipe 221 can be decreased, 

10 and the improvement effect of higher refrigeration capa- 
bility can be obtained. 

In embodiment 16, the first suction pipe 221 is 
nearly directly connected to the suction hole 1 91 a of the 
valve plate 191. However, even when the first suction 

15 pipe 221 is connected to the suction hole 191a of the 
valve plate 191 via a passage space having substan- 
tially the same cross-sectional area, nearly the same 
effect can be obtained. 

20 <<EMB0D1MENT17>> 

Next, embodiment 17, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
25 ings. 

FIG. 46 is a vertical sectional view showing the her- 
metic-type compressor in accordance with embodiment 
17 of the present invention. FIG. 47 is a front sectional 
view showing the hermetic-type compressor taken on 

30 line E-E of FIG. 46. 

In the hermetic-type compressor of embodiment 
17, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 

35 nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 46 and 47, a suction hole 193a is formed in 
a valve plate 1 93 secured to an end surface of a cylinder 
10 of a mechanical portion 6, and this suction hole 193a 

40 is directly connected to one end of a first suction pipe 
231 (suction passage). The other end of the first suction 
pipe 231 is disposed as an opening end 231a at a pre- 
determined position in the space inside an enclosed 
container 2. As shown in FIG. 47, the first suction pipe 

45 231 (suction passage) is bent a plurality of times so that 
the portions of the suction passage come close to each 
other. 

As shown in FIG. 47, a suction muffler 241 is pro- 
vided in the hermetic-type compressor of embodiment 
so 17. This suction muffler 241 is configured so as to 
nearly cover the first suction pipe 231 . The suction muf- 
fler 241 has a volume required to reflect a pressure 
wave. 

Next, the operation of the hermetic-type compres- 
55 sor of embodiment 1 7 having the above-mentioned con- 
figuration is described below. 

The pressure wave generated during a suction 
stroke near the suction hole 193a of the valve plate 193 
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propagates in the direction opposite to the flow of refrig- 
erant gas, becomes a reflected wave having an inverse 
phase in the space inside the enclosed container 2, 
propagates in the same direction as the flow of the 
refrigerant gas, and returns to the suction hole 193a. 

This reflected wave reaches the suction hole 193a 
during the suction stroke, whereby the pressure energy 
of the reflected wave is added to refrigerant gas at suc- 
tion completion time, and the suction pressure of the 
refrigerant gas is raised. 

Therefore, in the hermetic-type compressor of 
embodiment 1 7, refrigerant gas having a higher density 
is charged into the cylinder 10. Therefore, in the her- 
metic-type compressor of embodiment 17, the dis- 
charge amount of refrigerant per a compression stroke 
increases, and the circulation amount of refrigerant 
increases, whereby refrigeration capability can be 
improved. 

At this time, in the hermetic-type compressor of 
embodiment 17, the opening end 231a of the first suc- 
tion pipe 231 is disposed in the suction muffler 241. 
Therefore, in the hermetic-type compressor of embodi- 
ment 1 7, the pulsation of suction gas is attenuated by 
the suction muffler 241 , the force for vibrating the refrig- 
erant gas in the enclosed container 2 is weakened, and 
resonance sound can be diminished at all times regard- 
less of the resonance frequency of the refrigerant gas in 
the enclosed container 2. 

In the hermetic-type compressor of embodiment 
17, even when the refrigerant gas in the enclosed con- 
tainer 2 resonates, since the opening end 231a of the 
first suction pipe 231 is positioned in the suction muffler 
241 , when the pressure wave is reflected at the opening 
end 231a of the first suction pipe 231, the pressure 
wave is not affected by the resonance of the refrigerant 
gas in the enclosed container 2. 

Therefore, in the hermetic-type compressor of 
embodiment 1 7, when the pressure wave is reflected at 
the opening end 241 a of the first suction pipe 231 in the 
suction muffler 241, the attenuation of pressure ampli- 
tude by the effect of resonance in the space inside the 
enclosed container 2 is prevented. Therefore, in the her- 
metic-type compressor of embodiment 17, the suction 
pressure of the refrigerant gas can be raised at all 
times, and stable and high refrigeration capability can 
be obtained, regardless of any change in the shape of 
the enclosed container 2, operation conditions and the 
like. 

In the hermetic-type compressor of embodiment 
17, by covering the first suction pipe 231 with the suc- 
tion muffler 241, the temperature distribution of the first 
suction pipe 231 can be made uniform, and a change in 
the velocity of sound in the refrigerant gas can be 
decreased. Therefore, in the hermetic-type compressor 
of embodiment 1 7, the attenuation of the pressure wave 
can be decreased, and the suction pressure of the 
refrigerant gas can be raised stably, and the improve- 
ment effect of stable refrigeration capability can be 



obtained. 

In the hermetic-type compressor of embodiment 
1 7, the first suction pipe 231 can be made compact, and 
the enclosed container 2 can be made smaller. 

5 As described above, the hermetic-type compressor 
of embodiment 17 comprises the valve plate 191 having 
the suction hole 191a and disposed at the end surface 
of the cylinder 10, and the first suction pipe 231, one 
end of which is open in the space inside the enclosed 

io container 2 and the other end of which is nearly directly 
connected to the suction hole 191 a of the valve plate 
191, and the suction muffler 241 for nearly covering the 
first suction pipe 231. Therefore, in the hermetic-type 
compressor of embodiment 17, the pulsation of suction 

75 gas is diminished, and the force for vibrating the refrig- 
erant gas in the enclosed container 2 is weakened, 
whereby resonance sound can be diminished regard- 
less of the resonance frequency of the refrigerant gas in 
the enclosed container 2. 

20 In the hermetic-type compressor of embodiment 
1 7, regardless of the resonance frequency of the re 1 
erartt gas in the enclosed container 2, the attenuatic 
the pressure amplitude at the time when the pre? 
wave is reflected at the opening end 231a of th* 

25 suction pipe 231 can be always prevented. In the r 
metic-type compressor of embodiment 17, the suction 
pressure of the refrigerant gas rises at all times, and 
stable and high refrigeration capability can be obtained, 
regardless of any change in the shape of the enclosed 

30 container 2, operation conditions and the like. 

In the hermetic-type compressor of embodiment 
17, the temperature distribution of the first suction pipe 
231 can be made uniform, and the change in the veloc- 
ity of sound in the refrigerant gas can be decreased. 

35 Therefore, in the hermetic-type compressor of embodi- 
ment 17, the attenuation of the pressure wave can be 
decreased, the suction pressure can be raised stably, 
and stable refrigeration capability can be obtained. 
In embodiment 17, the first suction pipe 231 is 

40 nearly directly connected to the suction hole 1 91 a of the 
valve plate 191 . However, by connecting the first suction 
pipe 231 to the suction hole 191 a of the valve plate 192 
via a slight space (a passage space having substantially 
the same sectional shape), the same effect as that of 

45 the above-mentioned embodiment 17 can also be 
obtained. 

In embodiment 17, the suction passage is 
described as the first suction pipe 231 . However, the 
same effect as that of the above-mentioned embodi- 
so ment 17 can also be obtained by another suction pas- 
sage, for example, a block-shaped having a suction 
passage. 

{(EMBODIMENT 18>> 

55 

Next, embodiment 18, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
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mgs. 

FIG. 48 is a plan sectional view showing the her- 
metic-type compressor in accordance with embodiment 
18 of the present invention. FIG. 49 is a front sectional 
view showing the hermetic-type compressor taken on s 
line B-B of FIG. 48. FIG. 50 is a sectional view showing 
the main portion of the suction passage of the hermetic- 
type compressor of embodiment 18 during high-load 
operation. FIG. 51 is a sectional view showing the main 
portion of the suction passage of the hermetic-type w 
compressor of embodiment 18 during ordinary opera- 
tion. 

In the hermetic-type compressor of embodiment 
18, components having the same functions and config- 
urations as those of the hermetic-type compressor of is 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 48 and 49, in a suction passage block 140 
having a suction passage, one end of the suction pas- 20 
sage is disposed as an opening end in the space inside 
the enclosed container 2, and the other end is nearly 
directly connected to the suction hole 150a of the valve 
plate 150. 

FIGs. 50 and 51 are sectional views showing the 25 
main portion of the suction passage block 140. A pas- 
sage changeover mechanism 141 is disposed in the 
suction passage block 140. The passage changeover 
mechanism 141 has a function to select a suction pas- 
sage depending on a preset temperature, and is formed 30 
of a bimetal, a shape-memory alloy, a valve for detecting 
a high-load condition and selecting a passage, or the 
like. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 1 8 having the above-mentioned con- 35 
figuration is described below. 

Generally, no refrigeration apparatus is required to 
have high refrigeration capability at low outside-air tem- 
perature. However, in such a situation, if a more than 
necessary circulation amount of refrigerant is supplied 40 
by a hermetic-type compressor, suction pressure low- 
ers, and discharge pressure rises. Therefore, the effi- 
ciency of the entire refrigeration system including the 
hermetic-type compressor is lowered, and as a result, 
the problem of increased overall electric power con- 45 
sumption occurs. 

To solve this problem, the circulation amount of 
refrigerant is decreased at low outside-air temperature, 
whereby the overall electric power consumption can be 
decreased. 50 

In the hermetic-type compressor of embodiment 
18, the temperatures of various portions rise on the 
whole at high outside-air temperature or at a high load, 
and the temperature of the passage changeover mech- 
anism 141 disposed in the suction passage block 140 55 
having the suction passage also rises. In this case, the 
passage changeover mechanism 141 formed of a 
bimetal, a shape-memory alloy, a valve for detecting a 



high-load condition and selecting a passage, or the like 
is disposed so as to have the shape shown in FIG. 50. 
The flow of refrigerant gas to be sucked at this time is in 
the direction of a ^ b c in FIG. 50, and the pressure 
wave generating near the suction hole 150a during a 
suction stroke propagates in the direction opposite to 
the flow of the refrigerant gas. And the pressure wave 
becomes a reflected wave having an inverse phase in 
the space inside the enclosed container 2, and propa- 
gates in the same direction as the flow of the refrigerant 
gas, and returns to the suction hole 150a. 

This reflected wave is allowed to reach the suction 
hole 150a during the suction stroke, whereby the pres- 
sure energy of the reflected wave is added to refrigerant 
gas at suction completion time, and the suction pres- 
sure of the refrigerant gas is raised. 

Therefore, in the hermetic-type compressor of 
embodiment 18, refrigerant gas having a higher density 
is charged into the cylinder 10. As a result, the dis- 
charge amount of refrigerant per a compression stroke 
increases, and the circulation amount of refrigerant 
increases. Therefore, in the hermetic-type compressor 
of embodiment 18, refrigeration capability can be 
improved significantly at high outside-air temperature or 
at a high load wherein high refrigeration capability is 
required, just as in the case of conventional hermetic- 
type compressors. 

On the other hand, the temperatures of the various 
portions drop on the whole during ordinary operation or 
at low outside-air temperature, and the temperature of 
the passage changeover mechanism 141 also drops. In 
this case, since the passage changeover mechanism 
141 is deformed as shown in FIG. 51, the refrigerant 
gas to be sucked flows in the direction of a c as 
shown in FIG. 51. Therefore, the flow of the refrigerant 
gas shown in FIG. 51 becomes shorter than the flow in 
the direction of a -> b -> c shown in FIG. 50; at the 
length of the suction passage shown in FIG. 51, the 
return timing of the pressure wave to the suction hole 
150a advances excessively, and the pressure energy of 
the reflected wave is not added to the refrigerant gas at 
the suction completion time, whereby no supercharging 
effect can be obtained. 

In the opposite case, that is, in case the length of 
the suction passage of the suction passage block 140 is 
longer, the return timing of the reflected wave to the suc- 
tion hole 150a is delayed excessively, and the pressure 
energy of the reflect wave is not added to the refrigerant 
gas at the suction completion time, whereby no super- 
charging effect can be obtained. 

In this way, in the hermetic-type compressor of 
embodiment 18 of the present invention, the length of 
the suction passage and the like are adjusted so that a 
supercharging effect can be obtained only at high out- 
side-air temperature or at a high load. Therefore, in the 
hermetic-type compressor of embodiment 18 of the 
present invention, more than necessary refrigeration 
capability cannot be generated except at high outside- 
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air temperature or at a high load, whereby electric 
power consumption can be reduced on the whole. 

As described above, the hermetic-type compressor 
of embodiment 18 comprises the enclosed container 2, 
an electric compression element 81 housed in the 
enclosed container 2 and including a compression ele- 
ment 300 and a motor, a cylinder 10 constituting the 
compression element 300, the valve plate 150 having 
the suction hole 150a and disposed at the end surface 
of the cylinder 10, and the suction passage block 140 
having the suction passage, one end of which is open in 
the space inside the enclosed container 2, and the other 
end of which is nearly directly connected to the suction 
hole 150a of the valve plate 150, and the passage 
changeover mechanism 141 provided in the suction 
passage. Therefore, the hermetic-type compressor of 
embodiment 18 is configured so that the supercharging 
effect can be obtained only at high outside-air tempera- 
ture or at a high load wherein a high load is applied to 
the electric compression element, whereby electric 
power consumption can be reduced on the whole. 

In embodiment 18, it is shown that the suction pas- 
sage is configured so as to be nearly directly connected 
to the suction hole 150a of the valve plate 150; however, 
even when the suction passage is connected to the suc- 
tion hole 150a of the valve plate 150 via a slight space, 
the same effect as that of the above-mentioned embod- 
iment 1 8 can be obtained. 

In embodiment 18. its configuration is described by 
using the suction passage formed in the suction pas- 
sage block 140 as shown in FIGs. 48 to 51. However, 
even when the suction passage is formed of a pipe, for 
example, the same effect as that of the above-men- 
tioned embodiment 18 can be obtained. 

< (EMBODIMENT 19) > 

Next, embodiment 19, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 52 is a plan sectional view showing the her- 
metic-type compressor in accordance with embodiment 
19 of the present invention. FIG. 53 is a front sectional 
view taken on line C-C of FIG. 52. FIG. 54 is a sectional 
view showing the main portion of the suction passage of 
the hermetic-type compressor of embodiment 19 during 
high -load operation. FIG. 55 is a sectional view showing 
the main portion of the suction passage of the hermetic- 
type compressor of embodiment 19 during ordinary 
operation. 

In the hermetic-type compressor of embodiment 
1 9, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 52 and 53, in a suction passage block 1 70 



having a suction passage, one end of the suction pas- 
sage is disposed as an opening end 170a in the space 
inside the enclosed container 2, and the other end is 
nearly directly connected to the suction hole 1 50a of the 

5 valve plate 150. A suction pipe 161 is used to introduce 
refrigerant gas into the enclosed container 2, and the 
opening end of the suction pipe 161 in the enclosed 
container is disposed near the opening end 170a of the 
suction passage block 170. 

10 FIGs. 54 and 55 are sectional views showing the 
main portion of the suction passage block 170, and a 
passage changeover mechanism 171 is disposed in the 
suction passage. The passage changeover mechanism 
171 has a function to select a suction passage depend- 

15 ing on a preset temperature, and is formed of a bimetal, 
a shape-memory alloy, a valve for detecting a high-load 
condition and selecting a passage, or the like. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 19 having the above-mentioned con- 

20 figuration is described below. 

Generally, no refrigeration apparatus is required to 
have high refrigeration capability at low outside-air tem- 
perature. However, in such a situation, if a more than 
necessary circulation amount of refrigerant is supplied 

25 by a hermetic-type compressor, suction pressure low- 
ers, and discharge pressure rises. As a result, the effi- 
ciency of the entire refrigeration system including the 
hermetic-type compressor is lowered, and conse- 
quently, the problem of increased overall electric power 

30 consumption occurs. 

To solve this problem, the circulation amount of 
refrigerant is decreased at low outside-air temperature, 
whereby electric power consumption can be decreased. 
In the hermetic-type compressor of embodiment 

35 19, the temperatures of various portions rise on the 
whole at high outside-air temperature or at a high load, 
and the temperature of the passage changeover mech- 
anism 171 disposed in the suction passage of the suc- 
tion passage block 170 also rises. In this case, the 

40 passage changeover mechanism 171 formed of a 
bimetal, a shape-memory alloy, a valve for detecting a 
high-load condition and selecting a passage, or the like 
is disposed so as to have the shape shown in FIG. 54. 
The flow of refrigerant gas to be sucked at this time 

45 takes the direction of d -> e f in FIG. 54, and the pres- 
sure wave generating near the suction hole 150a during 
a suction stroke propagates in the direction opposite to 
the flow of the refrigerant gas. The pressure wave 
becomes a reflected wave having an inverse phase in 

so the space inside the enclosed container 2, and propa- 
gates in the same direction as the flow of the refrigerant 
gas, and returns to the suction hole 150a. 

This reflected wave is allowed to reach the suction 
hole 150a during the suction stroke, whereby the pres- 

55 sure energy having the reflected wave is added to refrig- 
erant gas at suction completion time, and the suction 
pressure of the refrigerant gas is raised. 

Therefore, in the hermetic-type compressor of 
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embodiment 19, refrigerant gas having a higher density 
is charged into the cylinder 1 0, the discharge amount of 
refrigerant per a compression stroke increases, and the 
circulation amount of refrigerant increases. Therefore, 
in the hermetic-type compressor of embodiment 19, 5 
refrigeration capability can be improved significantly at 
high outside-air temperature or at a high load wherein 
high refrigeration capability is required, just as in the 
case of conventional hermetic-type compressors. 

On the other hand, the temperatures of the various 10 
portions drop on the whole during ordinary operation or 
at low outside-air temperature, and the temperature of 
the passage changeover mechanism 171 also drops. In 
this case, the passage changeover mechanism 171 is 
deformed as shown in FIG. 55, and the refrigerant gas 15 
to be sucked flows in the direction of d -> f as shown in 
FIG. 55. Therefore, the flow of the refrigerant gas shown 
in FIG. 55 becomes shorter than the flow in the direction 
of <j _> e -> f shown in FIG. 54. Therefore, at the length 
of the suction passage shown in FIG. 55, the return tim- 20 
ing of the pressure wave to the suction hole 150a 
advances excessively, and the pressure energy of the 
reflected wave is not added to the refrigerant gas at the 
suction completion time, whereby no supercharging 
effect can be obtained. 25 

In the opposite case, that is, in case the length of 
the suction passage of the suction passage block 1 70 is 
longer, the return timing of the reflected wave to the suc- 
tion hole 150a is delayed excessively, and the pressure 
energy of the reflect wave is not added to the refrigerant 30 
gas at the suction completion time, whereby no super- 
charging effect can be obtained. 

In this way, in the hermetic-type compressor of 
embodiment 19 of the present invention, the length of 
the suction passage and the like are adjusted so that 35 
the supercharging effect can be obtained only at high 
outside-air temperature or at a high load. Therefore, in 
the hermetic-type compressor of embodiment 19 of the 
present invention, more than necessary refrigeration 
capability cannot be generated except at high outside- 40 
air temperature or at a high load, whereby electric 
power consumption can be reduced on the whole. 

In the hermetic-type compressor of embodiment 
1 9, the opening end 1 71 a of the suction passage of the 
suction passage block 1 70 in the enclosed container 2 45 
is provided near the opening end of the suction pipe 1 61 
in the enclosed container 2. Therefore, in the hermetic- 
type compressor of embodiment 19, the refrigerant gas 
to be sucked into the suction passage of the suction 
passage block 1 70 is less affected by heat from an elec- so 
trie compression element 81 heated at high temperature 
due to the influence of compression heat, motor heat, 
sliding heat and the like in the enclosed container 2, and 
temperature rising can be decreased. 

Therefore, in the hermetic-type compressor of 55 
embodiment 19, the density of the refrigerant gas in the 
suction passage can be raised, the circulation amount 
of refrigerant can be increased, and efficiency can be 



raised. 

As described above, the hermetic-type compressor 
of embodiment 19 comprises the enclosed container 2, 
the electric compression element 81 housed in the 
enclosed container 2 and including a compression ele- 
ment 300 and a motor portion 7 such as a motor, a cyl- 
inder 10 constituting the compression element 300, the 
valve plate 150 having the suction hole 150a and dis- 
posed at the end surface of the cylinder 10, the suction 
pipe 161 , one end of which communicates with the exte- 
rior of the enclosed container 2, and the other end of 
which is open in the enclosed container 2, the suction 
passage, one end of which is open near the opening 
end of the suction pipe 161 in the enclosed container 2, 
and the other end of which is nearly directly connected 
to the suction hole 150a of the valve plate 150, and the 
passage changeover mechanism 171 provided in the 
suction passage. 

Therefore, the hermetic-type compressor of 
embodiment 19 is configured so that the supercharging 
effect can be obtained only at high outside-air tempera- 
ture or at a high load wherein a high load is applied to 
the electric compression element 81 . In the hermetic- 
type compressor of embodiment 1 9, electric power con- 
sumption can be reduced on the whole. 

In the hermetic-type compressor of embodiment 
19, by decreasing the temperature rise of refrigerant 
gas to be sucked, the density of the refrigerant gas is 
raised, and the circulation amount of refrigerant is 
increased, whereby efficiency can be raised. 

In embodiment 19, the suction passage is config- 
ured so as to be nearly directly connected to the suction 
hole 150a of the valve plate 150. However, even when 
the suction passage is connected to the suction hole 
150a of the valve plate 150 via a slight space (a pas- 
sage space having substantially the same sectional 
shape), the same effect as that of the above-mentioned 
embodiment 19 can be obtained. 

In embodiment 19, its configuration is described by 
using the suction passage formed in the suction pas- 
sage block as shown in FIGs. 52 to 55; however, even 
when the suction passage is formed of a pipe, for exam- 
ple, the same effect as that of the above-mentioned 
embodiment 19 can be obtained. 

((EMBODIMENT 20 )> 

Next, embodiment 20, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 56 is a plan sectional view showing the her- 
metic-type compressor in accordance with embodiment 
20 of the present invention. FIG. 57 is a view showing a 
schematic structure of the hermetic-type compressor of 
embodiment 20 and a control block diagram of a refrig- 
eration apparatus. FIG. 58 is a characteristic diagram 
showing a change in refrigeration capability at the time 
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of rotation number control in the hermetic-type com- 
pressor of embodiment 20 using an inverter. 

In the hermetic-type compressor of embodiment 
20, components having the same functions and config- 
urations as those of the hermetic-type compressor of 5 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 56 and 57, a first suction pipe 193 is used 
as a suction passage, one end of which is open in the 10 
space inside the enclosed container 2, and the other 
end of which is nearly directly connected to the suction 
hole 150a of the valve plate 150. In an inverter 212 
shown in FIG. 57, a motor 211 is operated at least at 
two specific frequencies. 15 

Next, the operation of the hermetic-type compres- 
sor of embodiment 20 having the above-mentioned con- 
figuration is described below. 

Generally, no refrigeration apparatus is required to 
have high refrigeration capability at low outside-air tern- 20 
perature. However, in such a situation, if a more than 
necessary circulation amount of refrigerant is supplied 
by a conventional hermetic-type compressor, suction 
pressure lowers, and discharge pressure rises. As a 
result, the efficiency of the entire refrigeration system 25 
including the conventional hermetic-type compressor is 
lowered, and consequently, the problem of increased 
overall electric power consumption occurs. 

To solve this problem, the circulation amount of 
refrigerant is decreased at low outside-air temperature, 30 
whereby electric power consumption can be decreased. 

In the hermetic-type compressor of embodiment 
20, the pressure wave generated during a suction 
stroke near the suction hole 150a propagates in the 
direction opposite to the flow of refrigerant gas. And the 35 
pressure wave becomes a reflected wave having an 
inverse phase in the space inside the enclosed con- 
tainer 2, propagates in the same direction as that of the 
flow of the refrigerant gas, and returns to the suction 
hole 150a. 40 

This reflected wave is allowed to reach the suction 
hole 150a during the suction stroke, whereby the pres- 
sure energy of the reflected wave is added to refrigerant 
gas at the suction completion time, and the suction 
pressure of the refrigerant gas is raised. 45 

Therefore, in the hermetic-type compressor of 
embodiment 20, refrigerant gas having a higher density 
is charged into the cylinder 10. Therefore, in the her- 
metic-type compressor of embodiment 20, the dis- 
charge amount of refrigerant per a compression stroke so 
increases, and the circulation amount of refrigerant 
increases. By this supercharging effect, the hermetic- 
type compressor of embodiment 20 can improve refrig- 
eration capability significantly. 

Next, a concrete example of a supercharging effect 
is described below referring to FIG. 58. FIG. 58 is a 
characteristic diagram showing a change in refrigera- 
tion capability at the time of rotation number control of 



the hermetic-type compressor using the inverter. In FIG. 
58, the rotation number (r/s) is shown on the abscissa, 
and the relative value of refrigeration capability is shown 
on the ordinate. The relative value of refrigeration capa- 
bility is based on that obtained when the rotation 
number of the conventional hermetic-type compressor 
is 60 Hz. In FIG. 58, the solid line indicates a case when 
the conventional hermetic-type compressor was sub- 
jected to rotation number control. The broken lines (1) 
and (2) indicate cases when the hermetic-type com- 
pressors of embodiment 20 having different cylinder vol- 
umes were subjected to rotation number control. In FIG. 
58, the single-dot chain line indicates a case when 
refrigeration capability increases in proportion to an 
increase in rotation number. 

When the conventional reciprocating hermetic-type 
compressor being subjected to rotation number control 
is configured so that a supercharging effect can be 
obtained during operation at a frequency of 60 Hz, 
refrigeration capability changes as indicated by the bro- 
ken line (1) of FIG. 11. 

As shown by the slid line in FIG. 1 1 , in the conven- 
tional hermetic-type compressor, at a high speed rota- 
tion number exceeding 50 Hz, refrigeration capability in 
proportion to an increase in rotation number was unable 
to be obtained because of the follow-up performance or 
the like of its valve mechanism, whereby the compres- 
sor had a characteristic of saturation in refrigeration 
capability, resulting in further reduction. 

However, in the hermetic-type compressor of 
embodiment 20, refrigeration capability was improved 
significantly near a high-speed side rotation number of 
60 Hz by supercharging in comparison with the conven- 
tional apparatus, and about 20% of increase in capabil- 
ity was attained during operation at the same rotation 
number of 60 Hz. As shown by the broken line (i I of 
FIG. 58, the hermetic-type compressor of embodiment 
20 was able to have the same refrigeration capability as 
that obtained during operation at 70 Hz when it was 
assumed that refrigeration capability was able to be 
obtained in proportion to an increase in rotation number. 

In addition, as shown in FIG. 58, the same refriger- 
ation capability as that of the conventional apparatus 
during operation at 60 Hz was obtained by using the 
hermetic-type compressor of embodiment 20 having a 
cylinder volume smaller by about 20% as shown by the 
broken line (2). 

As described above, in the hermetic-type compres- 
sor of embodiment 20, the range of refrigeration capa- 
bility can be widened, and its configuration can be made 
so that refrigeration capability required depending on 
outside-air temperature or a load can be obtained. Fur- 
thermore, as shown by the broken line (2) of FIG. 58, by 
using a hermetic-type compressor having a cylinder vol- 
ume less than that of the conventional compressor, its 
configuration can be made so that substantially the 
same refrigeration capability as that of the conventional 
compressor can be obtained, whereby the hermetic- 
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type compressor can be made smaller. 

Consequently, in the hermetic-type compressor of 
embodiment 20, by performing supercharging in addi- 
tion to rotation number control, refrigeration capability 
required depending on outside-air temperature or a load 
can be obtained, and electric power consumption can 
be decreased. 

As described above, the hermetic-type compressor 
of embodiment 20 comprises the enclosed container 2, 
an electric compression element 81 housed in the 
enclosed container 2 and including a compression ele- 
ment 300 and a motor 21 1 , a cylinder 10 constituting the 
compression element 300, a valve plate 150 having a 
suction hole 150a, a first suction pipe 193, one end of 
which is open in the space inside the enclosed con- 
tainer 1 or an accumulator etc., and the other end of 
which is substantially directly connected to the suction 
hole 150a, and an inverter 212 for operating the motor 
211. Therefore, in the hermetic-type compressor of 
embodiment 20, refrigeration capability required 
depending on outside-air temperature or a load can be 
obtained, and electric power consumption can be 
reduced. 

In the hermetic-type compressor of embodiment 

20, it is needless to say that the same effect as that of 
the above-mentioned embodiment 20 can also be 
obtained by using a rotary-type or a scroll-type com- 
pressor. 

Although the suction passage is formed of a suction 
pipe in embodiment 20, the same effect as that of the 
above-mentioned embodiment 20 can be obtained even 
when the suction passage is formed of a block. 

< {EMBODIMENT 21 >> 

Next, embodiment 21 , an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 59 is a plan sectional view showing the her- 
metic-type compressor in accordance with embodiment 
21 of the present invention. FIG. 60 is a front sectional 
view taken on line B-B of FIG. 59. FIG. 61 is a sectional 
view showing an area near the suction passage of the 
hermetic-type compressor of embodiment 21 . 

In the hermetic-type compressor of embodiment 

21, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 59, 60 and 61 , in a suction block 227, a 
suction passage 222 is formed, one end of which is dis- 
posed as an opening end in the space inside an 
enclosed container 2, and the other end of which is sub- 
stantially directly connected to the suction hole 1 92a of 
a valve plate 192. As shown in FIG. 61, a resonance- 
type muffler 232 formed in the suction block 227 



together with the suction passage 222 has a hollow por- 
tion 242 and a connection portion 252. One end of the 
connection portion 252 of the resonance-type muffler 
232 is open into the hollow portion 242, and the other 
5 end is open into the suction passage 222. The volume 
of the hollow portion 242, the length of the connection 
portion 252, the cross-sectional area of the connection 
portion 252 and the like are adjusted so that the reso- 
nance frequency of the resonance-type muffler 232 
10 aligns with the frequency of the noise causing the most 
serious problem, among noises generated near the suc- 
tion hole 192a due to the pulsation and the like of refrig- 
erant gas to be sucked. 

Next, the operation of the hermetic-type compres- 
15 sor of embodiment 21 having the above-mentioned con- 
figuration is described below. 

When refrigerant gas is sucked into a cylinder 10, 
noise generates near the suction hole 192a due to the 
pulsation of refrigerant gas or the operation of a suction 
20 lead. When the generated noise propagates through the 
suction passage 222, it is attenuated by the resonance 
muffler 232 provided in the suction passage 222. There- 
fore, the noise propagating from the suction passage 
222 to the space in the enclosed container 2 diminishes, 
25 whereby noise generated from the hermetic-type com- 
pressor can be diminished. 

Next, an influence upon the effect of improving 
refrigeration capability by the resonance-type muffler 
232 in embodiment 21, that is, an influence upon the 
30 effect of supercharging is described below. 

In the conventional hermetic-type compressor 
described in the aforementioned background art, the 
frequency of the noise generated from the suction pas- 
sage and causing the most serious problem is usually in 
35 the range of 400 Hz to 600 Hz. In comparison with the 
frequency, the frequency of the pressure wave gener- 
ated during a suction stroke and providing a super- 
charging effect is fairly low. In addition, the resonance- 
type muffler is characteristic in that it generally has a 
40 great silencing effect only in a narrow frequency range 
near the resonance frequency. 

Therefore, in the above-mentioned embodiment 21 , 
in a process wherein the pressure wave (expansion 
wave) generated during the suction stroke becomes a 
45 reflected wave (compression wave) and returns to the 
suction hole 192a, the resonance-type muffler 232 
attenuates only the noise causing problems, and does 
not virtually affect the pressure wave for providing the 
supercharging effect, whereby refrigeration capability 
50 as high as that obtained without the resonance-type 
muffler 232 can be obtained. 

As described above, in the hermetic-type compres- 
sor having specifications for providing a supercharging 
effect, the configuration for providing the resonance- 
55 type muffler in the suction passage 222 is very effective, 
whereby both the supercharging effect and noise reduc- 
tion can be attained. 

As described above, the hermetic-type compressor 
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of embodiment 21 comprises the suction passage 222, 
one end of which is open in the space inside the 
enclosed container 2, and the other end of which is 
nearly directly connected to the suction hole 192a, and 
the resonance-type muffler 232 provided in the suction 
passage 222. Therefore, refrigeration capability as high 
as that obtained conventionally can be obtained; fur- 
thermore, noise generated due to the pulsation of refrig- 
erant gas having been sucked is diminished by the 
resonance -type muffler 232 provided in the suction pas- 
sage 222, whereby noise propagating from the suction 
passage 222 into the enclosed container 2 is dimin- 
ished. 

Therefore, in the hermetic-type compressor of 
embodiment 21, noise propagating outside the 
enclosed container can be diminished eventually 

In embodiment 21 , the resonance-type muffler 232 
is configured so as to have the hollow portion 242 and 
the connection portion 252; however, the same effect as 
that of the above-mentioned embodiment 21 can be 
obtained even when the muffler has a shape wherein 
the hollow portion is directly connected to the suction 
passage 222, a so-called side-branch type or the like, 
as long as the muffler has the shape of a resonance- 
type muffler. 

< (EMBODIMENT 22)) 

Next, embodiment 22, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 62 is a sectional view showing an area near 
the cylinder of the hermetic-type compressor in accord- 
ance with embodiment 22 of the present invention. 

In the hermetic-type compressor of embodiment 
22, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

In FIG. 62, a valve plate 263 having a suction hole 
273 is secured to the end surface of a cylinder 10. One 
end of a suction passage 283 is disposed as an opening 
end in the space inside an enclosed container 2, and 
the other end is substantially directly connected to the 
above-mentioned suction hole 273. 

A suction lead 293 is mounted on the valve plate 
263 to open and close the suction hole 273. 

As shown in FIG. 62, the axial direction of the pas- 
sage at the connection portion of the suction passage 
283 with respect to the suction hole 273 is inclined so as 
not to be perpendicular to the end surface of the valve 
plate 263. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 22 having the above-mentioned con- 
figuration is described below. 

First the conventional hermetic-type compressor 



shown in FIG. 71 and described in the background art is 
described below. In FIG. 71 , the pressure wave (expan- 
sion wave) generated during a suction stroke becomes 
a reflected wave Wb (compression wave) having an 

5 inverse phase in the space inside the enclosed con- 
tainer 2, and returns to the suction hole 19a. However, 
as shown in FIG. 71 , since the opening/closing surface 
of the suction lead 20 has an angle nearly perpendicular 
to the propagation direction of the reflected wave Wb, 

10 the reflected wave Wb is mostly reflected in the nearly 
opposite direction by the suction lead 20. Therefore, in 
the conventional hermetic-type compressor, the pres- 
sure energy of the reflected wave Wb does not work 
effectively in the cylinder 10, whereby a problem occurs, 

75 that is, the effect of supercharging cannot be obtained 
sufficiently. 

On the other hand, in the hermetic-type compres- 
sor of embodiment 22 of the present invention shown in 
FIG. 62, the suction passage 273 is connected to the 

20 end surface of the valve plate 263 not in perpendicular 
thereto but being inclined. Therefore, as shown in FIG. 
62, a reflected wave Wc directly enters the cylinder 10 
without being reflected by the suction lead 293. Further- 
more, even when the reflected wave Wb is reflected by 

25 the suction lead 293, the angle between the propaga- 
tion direction of a reflected wave Wd and the open- 
ing/closing surface of the suction lead 293 is small; 
therefore, as shown in FIG. 62, the propagation direc- 
tion of the reflected wave Wd after the reflection is not 

30 changed greatly, and the wave is apt to enter the cylin- 
der 10 easily. 

As described above, in the hermetic-type compres- 
sor of embodiment 22, since the reflected wave is hard 
to be obstructed by the suction lead 293, the pressure 

35 energy of the reflected wave effectively enters the cylin- 
der 10, and the hermetic-type compressor of embodi- 
ment 22 has high refrigeration capability. 

Since the angle between the propagation direction 
of the refrigerant gas to be sucked and the open- 

40 ing/closing surface of the suction lead 293 is small, the 
resistance to the flow of the refrigerant gas due to the 
suction lead 293 becomes small, and pressure loss 
decreases. Therefore, the hermetic-type compressor of 
embodiment 22 has excellent refrigeration efficiency, 

45 and has high refrigeration capability. 

As described above, in the hermetic-type compres- 
sor of embodiment 22, the axial direction of the passage 
of the connection portion of the suction passage 283 to 
the suction hole 273 is not perpendicular to the end sur- 

50 face of the valve plate 263 but inclined. Therefore, the 
hermetic-type compressor of embodiment 22 is config- 
ured so that when the reflected wave returns to the cyl- 
inder 10, the reflected wave is not reflected by the 
suction lead 293. but is apt to enter the cylinder 10 eas- 

55 ily. In addition, even when the reflected wave is reflected 
by the suction lead 293, the angle between the propa- 
gation direction of the reflected wave and the open- 
ing/dosing surface of the suction lead 293 is small. 
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Therefore, the propagation direction of the reflected 
wave after the reflection is not changed greatly, and the 
reflected wave is apt to enter the cylinder 10 easily. In 
other words, the reflected wave is hard to be obstructed 
by the suction lead 293, and the pressure energy of the 
reflected wave effectively enters the cylinder 10. There- 
fore, the hermetic-type compressor of embodiment 22 
has excellent refrigeration efficiency, and has high 
refrigeration capability. 

The resistance to the flow of the sucked refrigerant 
gas due to the suction lead 293 is small, and pressure 
loss is low. Therefore, the hermetic-type compressor of 
embodiment 22 has higher refrigeration capability. 

((EMBODIMENT 23 >) 

Next, embodiment 23, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 63 is a sectional view showing an area near 
the cylinder of the hermetic-type compressor in accord- 
ance with embodiment 23 of the present invention dur- 
ing stoppage at low outside-air temperature. FIG. 64 is 
a sectional view showing the area near the cylinder of 
the hermetic-type compressor in accordance with 
embodiment 23 of the present invention during stop- 
page at high outside-air temperature. 

In the hermetic-type compressor of embodiment 
23, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 63 and 64, a suction lead 304 is provided 
between the end surface of a cylinder 10 and a valve 
plate 194. This suction lead 304 is configured so as to 
open/close the suction hole 194a of the valve plate 194. 
A deflection control mechanism 314 for controlling the 
initial deflection amount of the suction lead 304 is 
installed on the suction lead 304. In embodiment 23, the 
deflection control mechanism 314 is formed of a mate- 
rial having a coefficient of linear expansion smaller than 
that of the suction lead 304, and secured to the piston 
side of the suction lead 304. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 23 having the above-mentioned con- 
figuration is described below. 

Generally, no refrigeration apparatus is required to 
have high refrigeration capability at low outside-air tem- 
perature. However, in such a situation, if a more than 
necessary circulation amount of refrigerant is supplied 
by a conventional hermetic-type compressor, suction 
pressure lowers, and discharge pressure rises. As a 
result, the efficiency of the entire refrigeration system 
including the conventional hermetic-type compressor is 
lowered, and consequently, the problem of increased 
overall electric power consumption occurs. 



To solve this problem, the circulation amount of 
refrigerant is decreased at low outside-air temperature, 
whereby electric power consumption can be decreased. 
In the hermetic-type compressor of embodiment 

5 23, the temperatures of its various portions become 
lower at low outside-air temperature on the whole, and 
the temperatures of the suction lead 304 and the deflec- 
tion control mechanism 314 also become lower. In that 
case, the suction lead 304 during stoppage is in a con- 

10 dition for closing the suction hole 194a as shown in FIG. 
63, in other words, the initial deflection of the suction 
lead 304 is zero. In this condition, the time from the 
opening to the closing of the suction hole 194 becomes 
shorter than that required when an initial deflection is 

15 present, and the displacement amount of the suction 
lead 304 also becomes smaller. Therefore, when the 
pressure wave generated during a suction stroke 
returns to the suction hole 1 94 as a reflected wave, the 
amount of refrigerant gas to be sucked into the cylinder 

20 10 becomes slightly smaller, and the improvement 
effect of the circulation amount of refrigerant due to 
supercharging is lowered. Therefore, in the hermetic- 
type compressor of embodiment 23, electric power con- 
sumption can be reduced at low outside-air tempera- 

25 ture. 

At high outside-air temperature, since the tempera- 
tures of the suction lead 304 and the deflection control 
mechanism 314 become high, and the coefficient of lin- 
ear expansion of the deflection control mechanism 314 

30 is smaller than that of the suction lead 304, they work as 
a bimetal because of the difference in the expansion 
coefficients of the materials due to temperature rise. As 
a result, during stoppage, the suction lead 304 is in a 
condition for opening the suction hole 194a as shown in 

35 FIG. 64, in other words, in a condition wherein the suc- 
tion lead 304 has an initial deflection. In this condition, 
the time from the opening to the closing of the suction 
hole 194a becomes longer than that required when the 
initial deflection is zero, and the displacement amount of 

40 the suction lead 304 also becomes larger. Therefore, 
when the pressure wave generated during the suction 
stroke returns to the suction hole 194 as a reflected 
wave, the amount of the refrigerant gas to be sucked 
into the cylinder 1 0 becomes larger, and the improve- 

45 ment effect of the circulation amount of refrigerant due 
to supercharging can be obtained sufficiently. There- 
fore, in the hermetic-type compressor of embodiment 
23, the improvement effect of refrigeration capability 
due to supercharging can be obtained sufficiently at 

50 high outside-air temperature at which high refrigeration 
capability is required. 

As described above, in the hermetic-type compres- 
sor of embodiment 23, the deflection control mecha- 
nism 314 for controlling the initial deflection amount of 

55 the suction lead 304 is formed of a material having a 
coefficient of linear expansion smaller than that of the 
suction lead 304, and secured to the piston side of the 
suction lead 304. Therefore, in the hermetic-type com- 
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pressor of embodiment 23, the improvement effect of 
refrigeration capability becomes small at low outside-air 
temperature at which high refrigeration capability is not 
requ-ied, whereby electric power consumption is 
reduced; on the other hand, the improvement effect of 
refrigeration capability is obtained sufficiently at high 
outside-air temperature at which high refrigeration 
capability is required. Therefore, in the hermetic-type 
compressor of embodiment 23, electric power con- 
sumption can be reduced by controlling refrigeration 
capability 

In embodiment 23, the deflection control mecha- 
nism 314 is formed of a material having a coefficient of 
linear expansion lower than that of the suction lead 304, 
and secured to the piston side of the suction lead 304. 
However, the same effect as that of the above-men- 
tioned embodiment 23 can be obtained, even when the 
deflection control mechanism 314 is formed of a mate- 
rial having a coefficient of linear expansion higher than 
that of the suction lead 304, and secured to the opposite 
piston side of the suction lead 304. 

<< EMBODIMENT 24 >) 

Next, embodiment 24, an example of the hermetic- 
type compressor of the present invention, will be 
described below referring to the accompanying draw- 
ings. 

FIG. 65 is a sectional view showing an area near 
the cylinder of the hermetic-type compressor in accord- 
ance with embodiment 24 of the present invention dur- 
ing stoppage at low outside-air temperature. FIG. 66 is 
a sectional view showing the area near the cylinder of 
the hermetic-type compressor in accordance with 
embodiment 24 of the present invention during stop- 
page at high outside-air temperature. 

In the hermetic-type compressor of embodiment 
24, components having the same functions and config- 
urations as those of the hermetic-type compressor of 
each of the above-mentioned embodiments are desig- 
nated by the same marks, and their descriptions are 
omitted. 

In FIGs. 65 and 66. a suction lead 325 is provided 
between the end surface of a cylinder 10 and a valve 
plate 195. This suction lead 325 is configured so as to 
open/close the suction hole 1 95a of the valve plate 195. 
A deflection control mechanism 345 for controlling the 
initial deflection amount of the suction lead 325 is 
installed in embodiment 24. The deflection control 
mechanism 345 is formed of a material to be deformed 
depending on temperature, such as a bimetal, a shape- 
memory alloy or the like, and disposed in the through 
hole 1 95b formed in the valve plate 1 95. The deflection 
control mechanism 345 is shrinkably installed in the 
through hole 195b. 

Next, the operation of the hermetic-type compres- 
sor of embodiment 24 having the above-mentioned con- 
figuration is described below. 



Generally, no refrigeration apparatus is required to 
have high refrigeration capability at low outside-air tem- 
perature. However, in such a situation, if a more than 
necessary circulation amount of refrigerant is supplied 
5 by a conventional hermetic-type compressor, suction 
pressure lowers, and discharge pressure rises. As a 
result, the efficiency of the entire refrigeration system 
including the conventional hermetic-type compressor is 
lowered, and as a result, the problem of increased over- 
w all electric power consumption occurs. 

To solve this problem, the circulation amount of 
refrigerant at low outside-air temperature is decreased, 
whereby electric power consumption can be decreased. 
In the hermetic-type compressor of embodiment 
15 24, the temperatures of its various portions become 
lower at low outside-air temperature on the whole, and 
the temperature of the deflection control mechanism 
345 also becomes lower. In that case, the deflection 
control mechanism 345 does not raise the suction lead 
20 325, and the suction lead 325 during stoppage is in o 
condition for closing the suction hole 195a as shown in 
FIG. 65, in other words, the initial deflection of the suc- 
tion lead 325 is zero. In this condition, the time from the 
opening to the closing of the suction hole 195a 
25 becomes shorter than that required when an initial 
deflection is present. Therefore, when the pressure 
wave generated during a suction stroke returns to the 
suction hole 1 95a as a reflected wave, the amount of 
refrigerant gas to be sucked into the cylinder 10 
30 becomes slightly smaller, and the improvement effect of 
the circulation amount of refrigerant by supercharging is 
lowered. Therefore, in the hermetic-type compressor of 
embodiment 24, electric power consumption can be 
reduced at low outside-air temperature. 
35 On the other hand, at high outside-air temperature, 
and the temperature of the deflection control mecha- 
nism 345 becomes high, the deflection control mecha- 
nism 345 extends and raises the suction lead 325 
Therefore, the suction lead 325 during stoppage is in e 
40 condition for opening the suction hole 195a as shown in 
FIG. 66, in other words, in a condition wherein the suc- 
tion lead 325 has an initial deflection. In this condition, 
the time from the opening to the closing of the suction 
hole 195a becomes longer than that required when the 
45 initial deflection is zero. Therefore, when the pressure 
wave generated during the suction stroke returns to the 
suction hole 195a as a reflected wave, the amount of 
the refrigerant gas to be sucked into the cylinder 10 
increases, and the improvement effect of the circulation 
so amount of refrigerant due to supercharging can be 
obtained sufficiently. 

Therefore, in the hermetic-type compressor of 
embodiment 24, the improvement effect of refrigeration 
capability due to a supercharging effect can be obtained 
55 sufficiently at high outside-air temperature at which high 
refrigeration capability is required. 

As described above, in the hermetic-type compres- 
sor of embodiment 24, the deflection control mecha- 
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nism 345 for controlling the initial deflection amount of 
the suction lead 325 is formed of a material to be 
deformed depending on temperature, such as a 
bimetal, a shape-memory alloy or the like, and shrinka- 
bly provided in the valve plate 195. Therefore, in the her- 5 
metic-type compressor of embodiment 24, the 
improvement effect of refrigeration capability becomes 
small at low outside-air temperature at which high refrig- 
eration capability is not required, whereby electric 
power consumption is reduced; and the improvement w 
effect of sufficient refrigeration capability is obtained 
sufficiently at high outside-air temperature at which high 
refrigeration capability is required. Consequently, in the 
hermetic-type compressor of embodiment 24, electric 
power consumption can be reduced by controlling 75 
refrigeration capability. 

INDUSTRIAL UTILIZATION 

The hermetic-type compressor of the present 20 
invention is used for refrigeration apparatuses and the 
like; by raising pressure in the cylinder at the suction 2. 
completion time of refrigerant gas higher than the low- 
pressure side pressure of a refrigeration cycle, the den- 
sity of the refrigerant gas to be sucked into the cylinder 25 
is raised, whereby high refrigeration capability is deliv- 
ered; in addition, the hermetic-type compressor is used 
to constitute a low-noise refrigeration apparatus or the 
like generating less noise by preventing resonance 
sound from generating during suction by compression. 30 

Claims 

1 . A hermetic-type compressor comprising: 

35 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 40 
portion and said mechanical portion and for 
storing lubricant; 

a suction passage installed on said mechanical 
portion so as to communicate said cylinder with 
said enclosed container; and 45 
a position adjustment mechanism for adjusting 
an opening end in said suction passage into 
said enclosed container; 

wherein said position adjustment mech- 
anism disposes said opening end on at least so 
one of three planes: 

(1) a first plane which is substantially 
orthogonal to a first line segment at the 
center point of said first line segment pass- 55 
ing through the center of gravity of a plane 
having a substantially maximum cross- 
sectional area on the horizontal cross-sec- 



tion of said enclosed container, said first 
line segment being at a position wherein 
the distance between the inner walls of 
said enclosed container is minimum, 

(2) a second plane which, on the horizontal 
plane including said first line segment, 
passes through the center point of a sec- 
ond line segment between the inner wall 
surfaces of said enclosed container, said 
second line segment being substantially 
orthogonal to said first line segment, and 
which is substantially orthogonal to said 
second line segment, or 

(3) a third plane which passes through the 
center point of a third line segment having 
the maximum distance between the upper 
inner wall surface of said enclosed con- 
tainer and said lubricant surface in the ver- 
tical direction, and which is substantially 
orthogonal to said third line segment. 

A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; and 
a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in the space inside- said 
enclosed container as an opening end; 

wherein said opening end is disposed 
on at least one of three planes: 

(1) a first plane which is substantially 
orthogonal to a first line segment at the 
center point of said first line segment pass- 
ing through the center of gravity of a plane 
having a substantially maximum cross- 
sectional area on the horizontal cross-sec- 
tion of said enclosed container, said first 
line segment being at a position wherein 
the distance between the inner walls of 
said enclosed container is minimum, 

(2) a second plane which, on the horizontal 
plane including said first line segment, 
passes through the center point of a sec- 
ond line segment between the inner wall 
surfaces of said enclosed container, said 
second line segment being substantially 
orthogonal to said first line segment, and 
which is substantially orthogonal to said 
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second line segment, or 
(3) a third plane which passes through the 
center point of a third line segment having 
the maximum distance between the upper 
inner wall surface of said enclosed con- 5 
tainer and said lubricant surface in the ver- 
tical direction, and which is substantially 
orthogonal to said third line segment. 

3. A hermetic-type compressor comprising: 10 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 15 
an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; and 20 
a suction passage having a length adjustment 
mechanism, one end of which is substantially 
directly connected to said suction hole of said 
valve plate, and the other end of which is dis- 
posed in the space inside said enclosed con- 25 
tainer as an opening end. 

4. A hermetic-type compressor comprising: 

a motor portion used as a power source; 30 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 35 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; and 
a suction passage having an inner cross-sec- 
tional area adjustment mechanism, one end of 40 
which is substantially directly connected to said 
suction hole of said valve plate, and the other 
end of which is disposed in the space inside 
said enclosed container as an opening end. 

45 

5. A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said so 
motor portion; 

an enclosed container filled with refrigerant gas 
and used for housing said motor portion and 
said mechanical portion and for storing lubri- 
cant; 55 
a valve plate disposed at the end surface of 
said cylinder and having a suction hole; 
a suction lead for opening/closing said suction 



hole; and 

a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in the space inside said 
enclosed container as an opening end; 

wherein, on the assumptions that the 
crank angle at the opening start of said suction 
lead is es (rad), that the length of said suction 
passage is L (m), that the rotation number of 
said crankshaft is f (Hz), and that the velocity of 
sound in the refrigerant gas in said suction pas- 
sage is As (m/sec), the return crank angle er 
(rad) of the pressure wave generated at said 
suction hole at the start of suction, represented 
by (equation 1) described below, is within the 
range of (equation 2) described below. 

0r = Os + 4k x L x f / As (Equation 1) 

1.4 (rad) < Or < 3.0 (rad) (Equation 2) 

6. A hermetic-type compressor comprising : 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; 
a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in the space inside said 
enclosed container as an opening end; and 
a deformable reflection prevention plate pro- 
vided oppositely facing said opening end of 
said suction passage in said space inside said 
enclosed container. 

7. A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container filled with refrigerant gas 
and used for housing said motor portion and 
said mechanical portion and for storing lubri- 
cant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; and 
a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of said valve plate, and the other end of 
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which is disposed in the space inside said 
enclosed container as an opening end; 

wherein the resonance frequency of the 
refrigerant gas in said enclosed container is a 
frequency different from a value close to a fre- 5 
quency range corresponding to the integral 
multiples of the rotation number of said crank- 
shaft. 



8. A hermetic-type compressor comprising: 



10 



a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; is 
an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; 20 
a suction muffler; and 

a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in said muffler as an opening 25 
end. 

9. A hermetic-type compressor comprising: 

a motor portion used as a power source; 30 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 35 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; and 
a suction passage, one end of which is sub- 
stantially directly connected to said suction 40 
hole of said valve plate, the other end of which 
is disposed in the space inside said enclosed 
container as an opening end, and a part of 
which is formed of a material having low heat 
conductivity. 45 

10. A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a so 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 55 
a valve plate disposed at the end surface of 
said cylinder and having a suction hole; 
a first suction passage, one end of which is 



substantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in the space inside said 
enclosed container as an opening end; and 
a second suction passage having an opening 
end disposed near said opening end of said 
first suction passage. 

11. A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; and 
a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of said valve plate, the other ends of which 
are disposed in the space inside said enclosed 
container as a plurality of opening ends, 
wherein the lengths from said suction hole to 
said plural opening ends have at least two 
kinds of values. 

12. A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; and 
a suction passage having a communica- 
tion/shutoff mechanism, one end of which is 
substantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in the space inside said 
enclosed container as an opening end. 

13. A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; 
a first suction passage, one end of which is 
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connected to said suction hole of said valve 
plate via a chamber, and the other end of which 
is disposed in the space inside said enclosed 
container as an opening end; and 
a second suction passage, one end of which is 5 
disposed near the opening end of said first suc- 
tion passage, and the other end of which is 
extended outside said enclosed container; 

wherein said opening end of said first 
suction passage is disposed on at least one of 10 
three planes: 

(1) a first plane which is substantially 
orthogonal to a first line segment at the 
center point of said first line segment pass- is 
ing through the center of gravity of a plane 
having a substantially maximum cross- 
sectional area on the horizontal cross-sec- 
tion of said enclosed container, said first 
line segment being at a position wherein 20 
the distance between the inner walls of 
said enclosed container is minimum, 

(2) a second plane which, on the horizontal 
plane including said first line segment, 
passes through the center point of a sec- 25 
ond line segment between the inner wall 
surfaces of said enclosed container, said 
second line segment being substantially 
orthogonal to said first line segment, and 
which is substantially orthogonal to said 30 
second line segment, or 

(3) a third plane which passes through the 
center point of a third line segment having 
the maximum distance between the upper 
inner wall surface of said enclosed con- 35 
tainer and said lubricant surface in the ver- 
tical direction, and which is substantially 
orthogonal to said third line segment. 

14. A hermetic-type compressor comprising: 40 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 45 
an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; so 
a first suction passage, one end of which is 
substantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in the space inside said 
enclosed container as an opening end; and 55 
a second suction passage, one end of which is 
disposed near the opening end of said first suc- 
tion passage, and the other end of which is 



extended outside said enclosed container; 

wherein said opening end of said first 
suction passage is disposed on at least one of 
three planes: 

(1) a first plane which is substantially 
orthogonal to a first line segment at the 
center point of said first line segment pass- 
ing through the center of gravity of a plane 
having a substantially maximum cross- 
sectional area on the horizontal cross-sec- 
tion of said enclosed container, said first 
line segment being at a position wherein 
the distance between the inner walls of 
said enclosed container is minimum, 

(2) a second plane which, on the horizontal 
plane including said first line segment, 
passes through the center point of a sec- 
ond line segment between the inner wall 
surfaces of said enclosed container, said 
second line segment being substantially 
orthogonal to said first line segment, and 
which is substantially orthogonal to said 
second line segment, or 

(3) a third plane which passes through the 
center point of a third line segment having 
the maximum distance between the upper 
inner wall surface of said enclosed con- 
tainer and said lubricant surface in the ver- 
tical direction, and which is substantially 
orthogonal to said third line segment. 

15. A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; and 
a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in the space inside said 
enclosed container as an opening end; 

wherein the bent portions of said suction 
passage have a substantially uniform curva- 
ture. 

16. A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 
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an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; and 5 
a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in the space inside said 
enclosed container as an opening end; 10 

wherein said suction passage is bent a 
plurality of times and formed so that suction 
passage portions are close to each other. 

17. A hermetic-type compressor comprising: 15 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 20 
an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; 25 
a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of. said valve plate, and the other end of 
which . is disposed in the space inside said 
enclosed container as an opening end; and 30 
a suction muffler for substantially covering said 
suction passage. 

18. A hermetic-type compressor comprising: 

35 

an enclosed container; 

an electric compression element which is 
housed in said enclosed container, and which 
comprises a cylinder constituting a compres- 
sion element and an electric motor; 40 
a valve plate having a suction hole and dis- 
posed at the end surface of said cylinder; 
a suction passage, one end of which is open in 
said enclosed container, and the other end of 
which is substantially directly connected to said 45 
suction hole of said valve plate; and 
a passage changeover mechanism provided in 
said suction passage. 

1 9. A hermetic-type compressor comprising : so 

an enclosed container; 

an electric compression element which is 
housed in said enclosed container, and which 
comprises a cylinder constituting a compres- 55 
sion element and an electric motor; 
a valve plate having a suction hole and dis- 
posed at the end surface of said cylinder; 



a first suction passage, one end of which is dis- 
posed in said enclosed container as an open- 
ing end, and the other end of which is 
substantially directly connected to said suction 
hole of said valve plate; 
a second suction passage, one end of which is 
extended outside said enclosed container, and 
the other end of which has an opening end dis- 
posed near said opening end of said first suc- 
tion passage; and 

a passage changeover mechanism provided in 
said first suction passage. 

!0. A hermetic-type compressor comprising: 

an enclosed container; 

an electric compression element which is 
housed in said enclosed container, and which 
comprises a cylinder constituting a compres- 
sion element and an electric motor; 
a valve plate having a suction hole and dis- 
posed at the end surface of said cylinder; 
a suction passage, one end of which is open in 
the space inside said enclosed container, an 
accumulator or the like, and the other end of 
which is substantially directly connected to said 
suction hole; and 
an inverter for driving said motor. 

21. A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; 
a suction lead for opening/closing said suction 
hole; 

a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in the space inside said 
enclosed container as an opening end; and 
a resonance-type muffler provided in said suc- 
tion passage. 

!. A hermetic-type compressor comprising: 

a motor portion used as a power source; 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 
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storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; 
a suction lead for opening/closing said suction 
hole; and 5 
a suction passage, one end of which is sub- 
stantially directly connected to said suction 
hole of said valve plate, and the other end of 
which is disposed in the space inside said 
enclosed container as an opening end; io 

wherein, at the direct connection portion 
between said suction hole and said suction 
passage, the axial direction of said suction pas- 
sage has an angle smaller than 90 degrees 
with respect to the connection surface of said 15 
valve plate. 

23. A hermetic-type compressor comprising: 

a motor portion used as a power source; 20 
a mechanical portion including a crankshaft, a 
piston, a cylinder and the like driven by said 
motor portion; 

an enclosed container for housing said motor 
portion and said mechanical portion and for 25 
storing lubricant; 

a valve plate disposed at the end surface of 
said cylinder and having a suction hole; 
a suction lead for opening/closing said suction 
hole; 30 
a deflection control mechanism for controlling 
the initial deflection amount of said suction 
lead; and 

a suction passage, one end of which is sub- 
stantially directly connected to said suction 35 
hole of said valve plate, and the other end of 
which is disposed in the space inside said 
enclosed container as an opening end. 
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